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(57) ABSTRACT 

A thrust bearing section (14) is constituted by one bearing 
end face (11/1) of a hydrodynamic type oil-impregnaled 
sintered bearing (11) and a flange portion (13fl) provided on 
a rotating shaft (13). The squareness between the bearing 
end face (11/1) and the bearing inner periphery (llh) is set 
within 3 /<m, and the squareness between the flange portion 
{X3a) and the outer periphery of the rotating shaft (13) is set 
within 2 /^m. The bearing bore diameter d and the bearing 
length L of the hydrodynamic type oil-impregnated sintered 
bearing are set as 1.2 d, and a radial bearing surface (lib) 
is arranged at one place on the bearing inner periphery (ll/i). 

13 Claims 16 Drawing Sheets 
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FIG.12 

(PRIOR ART) 
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FIG.13 

(PRIOR ART) 
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HYDRODYNAMIC TYPE BEARING A^fD The pivot bearing, however, may sufifcr a change in shaft 

H YDRODYNAMIC TYPE BEARING UNIT position with lapse of time due to a recess in the washer 9a 

BACKGROUND OF THE INVENTION ^'"f.^*^ el^^tic deformation pl^^^^ defor- 
mation £rom fnction, and the like of the washer 9a. The 

1. Field of the Invention ^ change in shaft position cause variations in disc position in 
The invention relates to a hydrodynamic type bearing, the cases of HDD devices, and variations in mirror position 

particularly a hydrodynamic type oil-impregnated sintered in the cases of polygon scanner motors in LBPS, greatly 

bearing, and to a hydrodynamic type bearing unit employing aflfecting the motor performance. As measures against this, 

the same. Hydrodynamic type oil-impregnated sintered the washer 9fl could be formed of metal material or ceramic 

bearings are especially suited to bearings in use for infor- material; in such case, however, the shaft will be worn out 

mation equipment, i.e., bearings for disc drives in optical to turn the spherical surface of the shaft end into a flat 

disc devices including DVD-ROMs and DVD-RAMs, surface, possibly producing the problems of a change in 

magneto-optical disc devices including MOs, and magnetic shaft position, a rise in torque, flucmations in torque, and the 

disc devices including HDDs and high capacity floppy disc like. 

drives (FDDS) such as HiFDs and Zips, or bearings for Moreover, in recent years, the spindle motors are often 

polygon scanner motors in LBPs and the like. In particular, required for thinner models in view of the mounting of 

hydrodynamic type oil-impregnated sintered bearings are optical disc devices and HDD devices on notebook type 

suitably applied to bearings in thinner models of motors. computers and the like, while the configuration that the 

2. Description of the Prior Art bearing surfaces lb are arranged axially at two places as 
Spindle motors for the information equipment mentioned 20 described above has a limit in obtaining thinner models. As 

above are required for further improvements in high-speed shown in FIG. 14 for example, a thinner model can be 

rotational accuracy, higher speeds, lower costs, lower noise, obtained by arranging the bearing surface lb at only one 

and the like. One of the component parts determining these place. This produces, however, the problem of a decrease in 

performance requirements is a bearing for supporting the rigidity with respect to moment loads. In other words, since 

spindle of a motor. In recent years, studies have been made 25 rotating shaft 3 at the portion projecting from the bearing 

on the use of a hydrodynamic type bearing, especially of a 1 is subjected to eccentric loads from the rotor case 8 having 

so-called hydrodynamic type oil-impregnated sintered the rotor magnet 7b fixed thereto, the disc 4, the turntable 5, 

bearing, as such bearing. In a hydrodynamic type oil- the clamper 6, and the like, it is feared that the accuracy in 

impregnated sintered bearing, the bearing body of sintered shaft run-out might be deteriorated by the moment loads, 

metal is impregnated with lubricating oil or lubricating 3Q Such hydrodynamic type bearing has hydrodynamic pres- 

grease, and a lubricating film is formed in a bearing clear- sure generating grooves of herringbone type, spiral type, or 

ance by means of the hydrodynamic action of hydrodynamic the like for generating a hydrodynamic pressure formed in 

pressure generating grooves provided in the bearing surface, the inner periphery (radial bearing surface) of its ahnost- 

so as to support a spindle without contact. This hydrody- cylindrical-shaped sleeve material. A conventional method 

namic type oil-impregnated sintered bearing, having the 35 for forming hydrodynamic pressure generating grooves is 

features of high rotational accuracy, low noise and the like known in which a rod-shaped jig, holding a plurality of balls 

despite of its low costs, appears to well meet the aforesaid harder than the bearing material arranged circumferentially 

performance requirements. at equal intervals, is inserted into the inner periphery of the 

FIG. 12 shows an example of a spindle motor in an optical bearing material, and the jig is rotated and fed to put the balls 

disc device, employing a hydrodynamic type oil- 40 into spiral movements while pressing the balls against the 

impregnated sintered bearing 1. As shown in the figure, this inner periphery of the material to form by rolling (plastic 

spindle motor comprises the hydrodynamic type oil- working) the hydrodynamic pressure generating grooves 

impregnated sintered bearing 1, a housing 2 for containing (Japanese Patent No. 2541208). 

the bearing 1, a rotating shaft 3 supported by the bearing 1, In such hydrodynamic type bearing, a thrust bearing 
a turntable 5 and a damper 6 for supporting and fixing an 45 surface having hydrodynamic pressure generating grooves is 
optical disc 4, and a motor section M composed of a stator sometimes provided on an end face of the bearing or a 
7a and a rotor 7b. ITie spindle motor is configured so that surface opposed thereto of the spindle, in order to non- 
energizing the stator 7« brings a rotor case 8 integrated with contact support the spindle in a thrust direction, lliese 
the rotor 76, the turntable 5, the optical disc 4, and the hydrodynamic pressure generating grooves in the thrust 
damper 6 into integral rotation. 50 bearing surface are typically formed by pressing. 

The hydrodynamic type oil-impregnated sintered bearing The above-described rolling of hydrodynamic pressure 

1 is composed of a porous bearing body formed in a thick generating grooves, however, creates heaving at regions 

cylindrical shape, and oil stored in the pores of the bearing adjacent to the hydrodynamic pressure generating grooves in 

body by means of the impregnation with lubricating oil or working. The heaving must be removed by a lathe or a 

lubricating grease. In the inner periphery of the bearing 55 reamer (Japanese Patent Laid-Open Publication No.Hci 

body, a pair of bearing surfaces opposed to the outer 8-232958), complicating the processes. Besides, in the 

periphery of the rotating shaft via bearing clearances are removing, positioning need to be performed with end faces 

formed so as to be axially separated from each other. In each of the bearing pressed against the jig; therefore, the end 

bearing surface are formed hydrodynamic pressure gener- faces of the bearing must have been finished with a high 

ating grooves slanting against an axial direction. 50 degree of accuracy, and the accuracy of the end faces should 

As shown in FIGS. 12 and 13, a thrust load on the rotating be maintained in the removing as well, making the work 

shaft 3 is supported by a thrust bearing 9 arranged at the troublesome. 

bottom of the housing 2. The thrust bearing 9 typically has Moreover, since the thrust bearing surface is worked in a 

a configuration (so-called a pivot bearing) in which the separate process from that of the radial bearing surface, a 

spherical shaft end thereof slides on a resin washer 9a 65 bearing surface formed in the preceding process may 

having high lubricity provided at the bottom of the housing decrease in accuracy during the following process, produc- 

2. ing a difificulty in quality control. 
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SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present inven- 
tion is-to provide a hydrodynamic type bearing, particularly 
a hydrodynamic type oil-impregnated sintered bearing, 
being capable of maintaining a desired bearing performance ^ 
for a long period of time and realizing thinner models 
without producing a decrease in the accuracy of shaft 
run-out and the like. 

Another object of the present invention is to simplify the 
fabrication processes of a hydrodynamic type bearing hav- 
ing a radial bearing surface and a thrust bearing surface, and 
to facilitate the quality control therein. 

To achieve the foregoing objects, the present invention is 
to provide a hydrodynamic type oil-impregnated sintered 
bearing unit comprising a shaft and a hydrodynamic type 
oil-impregnated sintered bearing including a bearing body 
formed of sintered metal, the bearing body being provided 
with a radial bearing surface opposed to the outer periphery 
of the shaft via a bearing clearance and being impregnated 
with oil, the hydrodynamic type oil -impregnated sintered 
bearing supporting the shaft without contact by means of the 
hydrodynamic action produced on the radial bearing surface 
in the relative rotation between the shaft and the bearing 
body, wherein: at least one bearing end face of the hydro- ^5 
dynamic type oil-impregnated sintered bearing and a flange 
portion provided on the shaft constitute a thrust bearing 
section; and the squareness between the aforesaid one bear- 
ing end face and the bearing inner periphery and the square- 
ness between the flange portion and the outer periphery of 
the shaft are controlled to a tolerance that the aforesaid one 
bearing end face and the flange portion are kept out of 
uneven contact with each other in the relative rotation 
between the shaft and the bearing body. 

The thrust bearing section of the aforesaid constitution 35 
secures surface contact between the rotating side and the 
stationary side, so that the pressure in the contacting surface 
can be decreased to prevent wear, thereby avoiding a change 
in shaft position resulting from the abrasive deformation of 
the washer as that in a pivot bearing. Besides, the surface 4^ 
contact improves rigidity with respect to moment loads as 
compared with the point contact in a pivot bearing. 

In a thrust bearing section, an insuflScient accuracy in a 
bearing end face or in a flange portion may put the flange 
portion into not surface contact but uneven contact (point 45 
contact or line contact) with the bearing end face. ITie 
uneven contact yields a larger torque loss and causes fluc- 
tuations in torque, making it impossible to obtain a high 
rotational accuracy required of information equipment. In 
this case, even when the bearing end face is provided with 59 
a hydrodynamic pressure generating groove so as to keep the 
thrust bearing section out of contact, the insufficient hydro- 
dynamic effect causes contact and wear between the bearing 
end face and the flange portion, precluding the improvement 
in rotational accuracy and durability. 55 

'llius, in the present invention, the squareness between at 
least one bearing end face and the bearing inner periphery 
constituting a thrust bearing section and the squareness 
between the flange portion and the outer periphery of the 
shaft (in particular, the outer periphery of the shaft opposed 60 
to the radial bearing surface) are controlled to a tolerance 
that the aforesaid one bearing end face and the flange portion 
are kept out of uneven contact with each other in the relative 
rotation between the shaft and the bearing body. 

Here, in the cases, e.g., where the squareness between the 65 
bearing end face and the bearing inner periphery is 4 jum or 
greater and the squareness between the flange portion and 
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the outer periphery of the shaft is 3 or greater, the flange 
portion may be in not surface contact but uneven contact 
with the bearing end face. Therefore, the squareness 
between the bearing end face and the bearing inner periph- 
ery is set within 3 /^m, and the squareness between the flange 
portion and the outer periphery of the shaft is set within 2 
^m. 

In this connection, the "squareness" as employed herein 
refers to, in the combination of a plane to be a standard and 
a planar portion to be perpendicular thereto, the magnitude 
that the planar portion to be perpendicular deviates from a 
geometrical plane perpendicular to the standard plane. 

In a conventional hydrodynamic type oil-impregnated 
sintered bearing, the bearing end faces thereof are not 
sufficient in accuracy (the squareness of the bearing end 
faces relative to the bearing inner periphery is in the order 
of 10 /^m), and it is difficult to mass-produce a bearing body 
having an accuracy in the aforesaid numerical range. Mea- 
sures thereto include a method in which, after a bearing is 
fixed to a housing, the bearing end faces thereof are finished 
by machining with the bearing inner periphery as the 
standard, or with the outer periphery or the like being 
secured in concentricity to the bearing inner periphery as- 
the standard. This, however, gives rise to such problems that: 
(D since chips and shavings produced in the machining 
adhere to the bearing inner periphery, cleaning needs to be 
performed after the machining; and @ the additional pro- 
cesses required such as the post machining and the cleaning 
produce a large increase in cost, thereby harming the rea- 
sonability in cost which is the greatest feature of hydrody- 
namic type oil-impregnated sintered bearings. 

Accordingly, in the present invention, a forming die for 
forming a hydrodynamic pressure generating groove in a 
radial bearing surface is inserted into the inner periphery of 
a bearing body material, and a pressing force is applied to 
the bearing body material while holding both end faces of 
the bearing body material with a pair of punching surfaces, 
so that the forming die forms in the inner periphery of the 
bearing body material a radial bearing surface having the 
hydrodynamic pressure generating grooves slanting against 
an axial direction, and at least one of the punching surfaces 
forms in one end face of the bearing body material a thrust 
bearing surface constituting a thrust bearing section with a 
shaft; here, the squareness between the aforesaid at least one 
punching surface and the outer periphery of the forming die 
is set within 2 jum (desirably within 1 ^m). 

As a way to finish the punching surface and the forming 
die with a high degree of accuracy as mentioned above, the 
aforesaid one punching surface and the forming die may be 
constituted integrally. For example, it is possible to adopt 
such methods that the punch and the forming die are 
integrally made of an identical member by cutting, or that 
they are separately fabricated, and integrally fixed by a 
technique such as pressing-in before finished within 2 /im in 
squareness between the punching surface and the outer 
periphery of the forming die. The shaft and the flange 
portion may be integrally fabricated of an identical member, 
or they may be separately fabricated before one is pressed 
into the other, and then finished at a prescribed squareness. 

After the bearing body material is formed in a prescribed 
dimension, the aforesaid forming die is desirably released 
from the inner periphery of the bearing body material by 
removing the pressing force to allow spring back of the 
bearing body material, and producing between the bearing 
body material and the forming die a difference in thermal 
expansion such that a difference in dimension widens 
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between the inner diameter of the bearing body material and 
the outer diameter of the forming die. This avoids the 
interference between the forming die and the bearing body 
material, allowing the forming die to be drawn out of the 
inner periphery of the bearing body material without break- 
ing the hydrodynaraic pressure generating grooves formed. 

The aforesaid difference in thermal expansion can be 
produced by, e.g., applying heat from the bearing body 
material side after the fonnation of the bearing surfaces. The 
forming die typically employs hard metal as its material, 
which has a coeflBcient of linear expansion of 5.1x10"^ [1/° 
C.]. Meanwhile, the bearing body material consists mainly 
of powdered copper and powdered iron, having a coefScient 
of linear expansion of, for instance, 12.9x10"^ [1/** C.]. 
Accordingly, when the bearing body material is heated to 
higher temperatures, the difference in dimension between 
the inner diameter of the bearing body material and the outer 
diameter of the forming die increases due to the difference 
in thermal expansion therebetween, facilitating the drawing 
of the forming die from the bearing body material. 

In the aforesaid constitution, it is desirable that the 
bearing bore diameter d and the bearing length L of the 
hydrodynamic type oil-impregnated sintered bearing are set 
as 1.2 d, and the radial bearing surface is provided at one 
place on the bearing inner periphery. This can achieve 
thinner models of spindle motors. 

In addition, a hydrodynamic pressure generating groove, 
for feeding oil, slanting against an axial direction may be 
provided in the bearing inner periphery of the hydrodynamic 
type oil-impregnated sintered bearing, so that the thrust 
bearing section is fed with oil by means of the hydrodynamic 
action produced in the hydrodynamic pressure generating 
groove. In the case where a bearing end face is a smooth 
surface having no hydrodynamic pressure generating 
groove, oil in the thrust bearing section is radially driven by 
the centrifugal action, possibly resulting in insufficient lubri- 
cation especially in high speed rotation and the like. In 
contrast, the provision of the above-mentioned hydrody- 
namic pressure generating groove facilitates the oil-QIm 
formation in the thrust bearing section to improve the 
lubricity. In addition, it remarkably lowers the wear in the 
thrust bearing section, greatly improving the durability. 

In this connection, the oil fed to the thrust bearing section 
is absorbed through the bearing end face and the chambered 
portions into the inside of the bearing for recovery, and 
newly fed through the bearing inner periphery to the bearing 
clearance. 

Moreover, in the aforesaid constitution, the thrust bearing 
section is desirably configured to support the shaft without 
contact by means of the hydrodynamic action produced in 
the relative rotation between the shaft and the bearing body. 
The non-contact support can eliminate the wear in the thrust 
bearing section to improve the durability yet greatly. 

To be concretely, either of the aforesaid one bearing end 
face and the flange portion opposed thereto constituting the 
thrust bearing section may be provided with a hydrodynamic 
pressure generating section having a plurality of concave 
portions arranged circumferentially (desirably provided at 
three places or more). In this case, the concave portions 
serve as oil reservoirs; and when the oil in the concave 
portions is drawn out to adjacent convex portions with 
rotation, a pressure is generated, which can increase the film 
pressure to maintain the thrust bearing section stably in its 
non-contact state. The concave portions in the hydrody- 
namic pressure generating section may be hydrodynamic 
pressure generating grooves having portions slanting against 
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imaginary radial lines drawn on the bearing end face. Here, 
with rotation, the oil in the thrust bearing section and 
peripheries thereof is accumulated to the inner periphery 
side to increase the film pressure, so that the thrust bearing 
5 section is maintained more stably in the non-contact state. A 
spiral-typed or a herringbone-typed shape may be applied to 
the hydrodynamic pressure generating grooves. 

In the aforesaid constitution, it is desirable that the thrust 
bearing section is arranged at two places axially separated 
from each other. In this case, thrust loads in both directions 
can be supported, and the coming-out of the shaft can be 
prevented as well. 

Furthermore, the rate of surface holes of the hydrody- 
namic type oil-impregnated sintered bearing is desirably set 
to be 10% or less (desirably 5% or less) in the radial bearing 
surface, and set to be 5% or less (desirably 2% or less) in the 
bearing end face constituting the thrust bearing section. The 
10% -or- less rate of surface holes in the radial bearing 
surface can secure the circulation of oil while preventing a 
pressure drop. At the 5%-or-less rate of surface holes in the 
aforesaid bearing end face, the running-off of oil through 
surface holes with arising pressures can be avoided even in 
the cases where hydrodynamic pressure generating grooves 
are provided therein. The "surface hole" refers to a portion 
in which a pore in a porous article's texture opens at the 
external surface, and the "rate of surface holes" refers to an 
a real ratio of surface holes by unit area on the external 
surface. 

According to the present invention, it becomes possible 
for a bearing end face to offer support in the thrust direction. 
This eliminates the change in shaft position due to a recess 
in the thrust washer created by the deformation and wear as 
in a pivot bearing, and makes it possible for even thinner 
models of the bearing to keep the moment rigidity high. 
Moreover, in the relative rotation of the shaft and the bearing 
body, the one bearing end face and the flange portion are out 
of uneven contact with each other, which yields a smaller 
torque loss, allowing the suppression of fluctuations in 
torque to achieve higher rotational accuracies required of 
information equipment. 

In the cases where the thmst bearing section is axially 
arranged at two places, the axial movement of the rotating 
shaft can be restrained to improve the impact load charac- 
teristics, Particulariy, in those cases where a read head and 

^5 a disc are arranged via a slight gap as in a HDD device, the 
situation that the head bumps against the disc can be avoided 
even under an impact load. 

Since being constituted of a porous article such as sintered 
metal alloy, the oil-impregnated sintered bearing can be 

50 worked with a high degree of accuracy at a lower cost. 
Moreover, the bearing being a porous article holds a larger 
amount of oil, and the circulation of the oil slows its 
deterioration for improved durability. 
To achieve the foregoing objects, the present invention 

55 also provides a hydrodynamic type bearing having a radial 
bearing surface provided in the inner periphery of a bearing 
body, the radial bearing surface having hydrodynamic pres- 
sure generating grooves slanting against an axial direction, 
the radial bearing surface being opposed via a radial bearing 

60 clearance to the outer periphery of a shaft member to be 
supported, wherein a thrust bearing surface having hydro- 
dynamic pressure generating grooves is formed on at least 
one end face of the bearing body, simultaneously with the 
radial bearing surface. 

65 This hydrodynamic type bearing can be constituted by a 
bearing body formed of sintered metal and impregnated with 
oil, or a bearing body formed of soft metal. 
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A hydrodynamic type bearing unit according to the 
present invention comprises a shaft member having a flange 
portion, and any of the aforementioned hydrodynamic type 
bearings, wherein the aforesaid thrust bearing surface and 
the end face of the flange portion opposed thereto form a 
thrust bearing clearance. 

The aforesaid hydrodynamic type bearing is fabricated in 
such a manner that a radial bearing surface and a thrust 
bearing surface each having hydrodynamic pressure gener- 
ating grooves are simultaneously formed on the inner 
periphery and at least one end face of a bearing material by: 
arranging in the inner periphery portion of the bearing 
material a radial forming die for forming the hydrodynamic 
pressure generating grooves in the radial bearing siuface; 
holding both end faces of the bearing material with a pair of 
punching surfaces, at least one of the punching surfaces 
being provided with a thrust forming die for forming the 
hydrodynamic pressure generating grooves in the thrust 
bearing surface; and, in this state, applying a pressing force 
to the bearing material. 

According to the present invention, a hydrodynamic type 
bearing for non-contact supporting a shaft member in both 
the radial and thrust directions can be fabricated by a simple 
method, with a high degree of accuracy and at lower costs. 
Besides, the simultaneous formation of the radial bearing 
surface and the thrust bearing surface eliminates the possi- 
bility thai a bearing surface formed in a preceding process 
suff'ers a decrease in accuracy during the following process 
as in the case of forming the both bearing surfaces in 
separate processes, and allows the respective bearing sur- 
faces to be formed with a high degree of accuracy at lower 
costs. 

The nature, principle and utility of the invention will 
become more apparent from the following detailed descrip- 
tion when read in conjimction with the accompanying draw- 
ings. 

BRIEF EXPLANATION OF THE DRAWINGS 

In the accompanying drawings: 

FIG. 1 is a cross-sectional view of a hydrodynamic type 
oil-impregnated sintered bearing unit according to the 
present invention; 

FIGS. 2(A) and 2(B) are cross-sectional views showing 
other embodiments of the present invention; 

FIGS. 3(A) and 3(B) are cross-sectional views showing 
other embodiments of the present invention; 

FIG. 4 is a cross-sectional view showing another embodi- 
ment of the present invention; 

FIG. 5 is a cross-sectional view showing another embodi- 
ment of the present invention; 

FIGS. 6(A) and 6(B) are views showing another embodi- 
ment of the present invention, FIG. 6(A) being a cross- 
sectional view and FIG. 6(B) being a plan view; 

FIGS. 7(A) and 7(B) are views showing another embodi- 
ment of the present invention, FIG. 7(A) being a cross- 
sectional view and FIG. 7(B) being a plan view; 

FIGS. 8(A), 8(B) and 8(C) are views showing another 
embodiment of the present invention, FIG. 8(A) being a 
cross-sectional view, FIG. 8(B) being a plan view, and FIG. 
8(C) being a bottom view; 

HGS. 9(A), 9(B) and 9(C) are views showing another 
embodiment of the present invention, FIG. 9(A) being a 
cross-sectional view, and FIGS. 9(B) and 9(C) are bottom 
views; 
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FIG. 10 is a side view of a core rod and an upper punch; 

FIG. 11 is a sectional view showing the method of the 
present invention; 

FIG. 12 is a cross-sectional view of an optical disc drive 
^ incorporating a hydrodynamic type oil-impregnated sintered 
bearing unit; 

FIG. 13 is a cross-sectional view of a conventional 
hydrodynamic type oil-impregnated sintered bearing unit; 
JO FIG. 14 is a cross-sectional view of a hydrodynamic type 
oil-impregnated sintered bearing unit; 

FIG. 15 is a cross-sectional view of a hydrodynamic type 
bearing unit according to the present invention; 

FIG. 16(A) is a cross-sectional view of a hydrodynamic 
^5 type bearing according to the present invention, and FIG. 
16(B) is a plan view thereof as seen in the direction of b; 

FIG, 17 is a schematic cross-sectional view of a molding 
machine for use in a bearing surface molding process; 

FIG. 18 is a front view of a core rod; 

FIG. 19 is a cross-sectional view showing the bearing 
surface molding process; 

FIG. 20 is a cross-sectional view showing another 
embodiment of the hydrodynamic type bearing unit; 
25 FIG. 21 is a cross-sectional view showing another 
embodiment of the hydrodynamic type bearing unit; 

FIG. 22 is a cross-sectional view showing another 
embodiment of the hydrodynamic type bearing unit; and 

FIG. 23 is a cross-sectional view showing another 
embodiment of the hydrodynamic type bearing unit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

3^ Hereinafter, the preferred embodiments of the present 
invention will be described with reference to the accompa- 
nying drawings. 

FIG. 1 is a cross-sectional view of a hydrodynamic type 
oil-impregnated sintered bearing unit according to the 

4Q present invention. The bearing unit comprises an oil- 
impregnated sintered bearing 11 of hydrodynamic type, a 
cylindrical housing 12 having the oil-impregnated sintered 
bearing 11 fixed to the bore portion thereof, and a rotating 
shaft 13 inserted into the bore portion of the oil-impregnated 

45 sintered bearing 11 . 

The hydrodynamic type oil-impregnated sintered bearing 
11 is constituted by impregnating a cylindrical bearing body 
Ufl composed of sintered metal with lubricating oil or 
lubricating grease, the bearing body Ha having a radial 

50 bearing surface lib opposed to the outer periphery of the 
rotating shaft 13 via a bearing clearance. The sintered metal 
bearing body 11a is formed of sintered metal consisting 
mainly of a copper type, an iron type, or the both materials, 
and desirably employs copper at 20-95% by weight to range 

55 from 6.4 to 7.2 g/cm^ in density. For use as the material of 
the bearing body Ua, cast iron, synthetic resins, ceramics, 
and the like may be sintered or foam molded into a porous 
article having a number of pores. The bearing body 11a 
preferably has the rate of surface holes not greater than 10% 

60 in its radial bearing surface 11^, and that not greater than 5% 
in the after-mentioned thrust bearing surfaces 11/1 and 11^2. 

The bearing body lla has only one radial bearing surface 
lib provided on its inner periphery 11/t. In the bearing 
surface 116 are circumferentially arranged and formed a 

65 plurality of hydrodynamic pressure generating grooves 11c 
(of herringbone type) slanting against the axial direction. As 
long as they arc formed to slant against the axial direction, 
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the hydrodynamic pressure generating grooves lie may take 
any shape, e.g. of spiral type, other than that of herringbone 
type. In the outer periphery of the oil-impregnated sintered 
bearing 11 is/are foroied along the axial direction a groove 
or a plurality of grooves Ug, each serving as an air vent in 5 
inserting the shaft 13 into the bore portion of the bearing 11. 
Incidentally, for thinner models of spindle motors, the 
bearing bore diameter d and the bearing length L are set to 
satisfy d. 

In the aforesaid oil-impregnated sintered bearing 11, the 
lubricant (the lubricating oil or the base oil of the lubricating 
grease) inside the bearing body 11a exudes out from the 
surfaces of the bearing body 11a due to the thermal expan- 
sion of the oil resulting from a rise in temperature and the 
generation of pressure caused by the rotation of the rotating ^5 
shaft 13. llie lubricant is then drawn into the bearing 
clearance by the action of the hydrodynamic pressure gen- 
erating grooves 11c. The oil drawn into the bearing clear- 
ance forms a lubricating film to support the rotating shaft 
without contact. That is, when the aforesaid slanting hydro- 20 
dynamic pressure generating grooves 11c are provided in the 
bearing surface 11Z>, the hydrodynamic action thereof draws 
the lubricant having exuded out of the bearing body 11a into 
the bearing clearance, and continuously drives the lubricant 
into the bearing surface lib as well. This can increase the 25 
film pressure to improve the rigidity of the bearing. 
Incidentally, in assembling the bearing unit, the rotating 
shaft 13 is desirably inserted into the bearing 11 with the 
bearing clearance and peripheries of the bearing lubricated 
so as to be filled with oil. 3Q 

When a positive pressure is generated in the bearing 
clearance, the holes existing in the bearing surface lib cause 
the lubricant to flow back to the inside of the bearing body; 
however, since new lubricant is successively driven into the 
bearing clearance, the film pressure and the rigidity are 35 
maintained at high levels. The film formed here is continu- 
ous and stable, which offers a high rotational accuracy, and 
lowers shaft run-out, non repealable run-out(NRRO), jitter, 
and the like. Besides, the rotating shaft 13 rotates without 
contact to the bearing body 11a, resulting in lower noise and 40 
lower costs as well. 

The radial bearing surface lib comprises a first groove 
region ml, a second groove region m2 provided so as to be 
axially separated from the first region ml, and an annular 
smooth region n positioned between the two groove regions 45 
ml and ml. In the first groove region ml are arranged 
hydrodynamic pressure generating grooves lie slanting in 
one direction against the axial direction. In the second 
groove region ml are arranged hydrodynamic pressure 
generating grooves He slanting in the other direction against 50 
the axial direction. The hydrodynamic pressure generating 
grooves lie in the two groove regions ml and ml are 
sectioned by the smooth region n so as to be disconnected 
from each other. The smooth region n and the portions of 
ridges lie between hydrodynamic pressure generating S5 
grooves 11c are at the same level 'llie hydrodynamic 
pressure generating grooves 11c of such discontinuous type 
olTer the advantages that the accumulation of oil about the 
smooth region n yields a higher film pressure and that the 
groove-less smooth region n provides a higher bearing 60 
rigidity, as compared with hydrodynamic pressure generat- 
ing grooves of continuous type, i.e., in which the smooth 
region n is omitted and hydrodynamic pressure generating 
grooves lie in the both groove regions ml and m2 are 
connected each other into continuous V-shaped grooves. 65 

On one axial end side of the oil-impregnated sintered 
bearing 11 is provided a thrust bearing section 14. FIG. 1 
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shows the embodiment in which the thrust bearing section 

14 is provided on the upper end side of the oil-impregnated 
sintered bearing 11. The upper bearing end face 11/1 (thrust 
bearing surface) of the oil-impregnated sintered bearing 11 
and a disk-shaped flange portion 13^ fixed to the rotating 
shaft 13 are opposed to each other to constitute the thrust 
bearing section 14. The rotating shaft 13 and the flange 
portion 13fl arc integrally made from an identical member, 
or are separately fabricated and then fit to each other. They 
are finished so that the outer periphery of the rotating shaft 
13, especially at the portion opposed to the bearing surface 
116 when attached to the bearing 11, has a squareness within 
2 /^m, desirably within 1 jwm, with respect to the end face 
13al of the flange portion 13a on the bearing 11 side. 

Such thrust bearing section 14 ofifers surface contact to its 
slide-contacting portions. This avoids fluctuations in shaft 
position, which come into question in the cases of pivot 
bearings, and simultaneously enables even the single-row 
bearing surface lib to increase the moment rigidity to 
support the shaft with a high degree of accuracy. 

Now, in the cases where the flange portion 13fl is provided 
on the rotating shaft 13 as described above, it becomes 
difficult to seal the upper end of the bearing 11 with a 
conventional seal washer 5 (see FIG. 15) since parts such as 
a rotor case 8 and a turntable 5 (see FIG. 12) are fixed to the 
upper end of the rotating shaft 13. On this account, the oil 
leakage from the upper end of the bearing 11 is capillary 
sealed by a minute gap between the outer periphery of the 
flange portion 13a and the inner periphery of the housing 12. 
The sealing gap c is preferably 0.05 mm or less, desirably 
0.02 mm or less, and the sealing length a is preferably 0.5 
mm or more, desirably 1 mm or more. Oil repellent may be 
applied to the outer periphery of the flange portion 13fl or the 
inner periphery of the housing 12 constituting the seal for 
more effective prevention of oil leakage. 

Meanwhile, the oil leakage from the lower end side of the 
bearing 11 can be prevented, for example, by pressing a 
baseplate 15 into the bottom opening portion of the housing 
12 and then caulking the same. The gap between the 
baseplate IS and the housing 12 may be sealed by adhesive 
for more effective prevention of oil leakage. 

FIG. 2(A) shows an embodiment in which elastic material 
15fl such as resin or mbber is put over the baseplate 15 and 
used as packing to prevent the oil leakage from the baseplate 

15 side. It is also desirable here, if needed, to caulk the 
baseplate 15 after being pressed into the housing 12. 

FIG. 2(B) shows an embodiment in which an annular 
concave portion 12^i is provided in the inner periphery of the 
housing 12 at the area opposed to the outer periphery of the 
flange portion 13a. llie rotation of the flange portion 13fl 
accumulates oil into the concave portion 11a by the cen- 
trifugal force, enabling the secure prevention of the oil 
leakage from the upper end of the housing 12 (centrifugal 
sealing). Since the centrifugal sealing alone may allow oil 
leakage in the cases where the shaft position is sideways, the 
capillary sealing is desirably used in combination. 

FIG. 3(A) shows an example in which the outer periphery 
of the flange portion 13a is provided with slanting grooves 
13a2 that generate air streams toward the bearing 11 side 
when rotating. The air streams generated drive back oil to 
the bearing 11 side so that the oil leakage from the upper end 
of the bearing can be prevented (when not rotating, the 
capillary sealing prevents the oil leakage). Unlike the hydro- 
dynamic pressure generating grooves He in the radial 
bearing surface lib, the above-mentioned slanting grooves 
13a2 need not be finished with a high degree of accuracy as 
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long as they can prevent the oil leakage. The grooves have 
an appropriate depth on the order of 5-30 fiva, and can be 
formed by techniques of rolling and the like. 

These slanting grooves 13fl2, when formed to run through 
the width (axial dimension) of the flange portion 13fl as 
shown in FIG. 3(A), sometimes feed excessive air into the 
bearing 11 side; therefore, they may be partially provided as 
shown in FIG. 3(B). In this case, it is desirable that the 
annular concave portion 12a is provided in the inner periph- 
ery of the housing 12 at the area opposed to the region 
having no slanting grooves 13a2 formed. 

FIG, 4 shows an embodiment in which the thrust bearing 
section 14 is constituted by the lower bearing end face 11/2 
of the bearing 11 and the flange portion 13a provided on the 
shaft end. When rotating, the rotating shaft 13 receives a 
floating force from the exciting force between the rotor lb 
and the stator 7a (see FIG. 12) to float over the baseplate 15, 
and the thrust force is supported by the lower bearing end 
face Hf2 (thrust bearing surface) and the upper surface 13^72 
of the flange portion 136. In the upper surface of the 
baseplate 15 and immediately below the rotating shaft 13 is 
arranged a thrust washer ISa consisting of resin material or 
the like having high lubricity, so as to reduce the friction 
against the shaft end immediately after the start of and 
immediately before the stop of the motor. The top opening 
of the housing 12 is blocked with a seal washer 16 for 
preventing oil leakage, and the gap between the washer and 
the shaft is provided to be 0.2 mm or less to prevent the 
outward leakage of oil (capillary sealing). Oil repellent may 
be applied to the inner periphery of the seal washer 16, the 
upper and lower surfaces of the inner peripheral portion 
thereof, or the outer periphery of the shaft 13 facing the inner 
periphery of the seal washer 16, for more effective preven- 
tion of oil leakage. 

FIG. 5 shows an embodiment in which the bearing inner 
periphery ll/i of the hydrodynamic type oil-impregnated 
sintered bearing 11 is provided with hydrodynamic pressure 
generating grooves llj for oil supply slanting against the 
axial direction, so as to supply oil to the thrust bearing 
section 14 by means of the hydrodynamic action created by 
the hydrodynamic pressure generating grooves 11/. The 
hydrodynamic pressure generating grooves llj are con- 
nected with the hydrodynamic pressure generating grooves 
11c in the radial bearing surface lib at the groove region (on 
the thrust bearing section 14 side), being formed into 
V-shapes. The provision of the hydrodynamic pressure gen- 
erating grooves 11) for oil supply facilitates the formation of 
the oil film in the thrust bearing section 14 to improve the 
lubricity; in addition, it remarkably reduces wear in the 
thrust bearing section 14, greatly improving the durability. 

FIGS. 6(A) through 7(B) show embodiments in which the 
thrust bearing section 14 is provided to non-contact support 
the rotating shaft 13 by means of the hydrodynamic action 
generated when rotating the rotating shaft 13. The non- 
contact support eliminates the friction in the thrust bearing 
section 14 to greatly improve the durability. The hydrody- 
namic action can be obtained by the provision of a hydro- 
dynamic pressure generating section 17, which has a plu- 
rality of concave portions llA: arranged circumferentially in 
either of the bearing end face U/l and the flange portion 13a 
opposed thereto constituting the thrust bearing section 14. 
The concave portions 11* include, for example, hydrody- 
namic pressure generating grooves. 

FIGS. 6(A) and 6(B) show an example of the thrust 
bearing section 14 having the hydrodynamic pressure gen- 
erating section 17, in which the thrust bearing surface 11/1 
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is provided with hydrodynamic pressure generating grooves 
11/: having portions slanting against imaginary radial lines 
drawn on the bearing end face. The hydrodynamic pressure 
generating grooves Ilk are of herringbone type, that is, of 

5 V-shapes having the curved sections generally at the radial 
intermediate portions thereof. The hydrodynamic pressure 
generating grooves are arranged and formed circumferen- 
tially at equal intervals. In this case, with rotation, the oil in 
the thrust bearing section 14 and peripheral portions thereof 

10 is accumulated about the curved sections to increase the film 
pressure, so that the thrust bearing section 14 can be stably 
maintained in its non-contact state. In addition to the her- 
ringbone type, the spiral type is also applicable to the shape 
of the hydrodynamic pressure generating grooves. 

IS Moreover, the hydrodynamic pressure generating grooves 
Ilk may be provided in the end face 13al of the flange 
portion to form the thrust bearing surface U/l as a smooth 
surface having no hydrodynamic pressure generating 
groove. 

20 FIGS. 7(A) and 7(B) show an embodiment in which the 
hydrodynamic pressure generating grooves Hk are provided 
in the thrust bearing surface U/l as in FIGS. 6(A) and 6(B), 
and the hydrodynamic pressure generating grooves 11/ for 
oil supply are provided in the bearing inner periphery as in 

25 FIG. 5. 

FIGS. 8(A) through 9(C) show embodiments in which 
thrust bearing sections I4a and I4b are provided at two 
places axially separated from each other, so as to support 
thrust loads in both directions. In FIGS. 8(A) to 8(C), flange 
portions 13fl and 136 are arranged on both end sides of the 
bearing, so that the two thrust bearing sections 14a and 14b 
formed between the flange portions 13fl, 13b and the both 
bearing end face U/l, 11/2 can support the thrust loads in the 
both directions. As shown in FIGS. 8(B) and 8(C), in either 
the thrust bearing surfaces 11/1, 11^ or end surfaces of the 
flange portions 13a, 13b opposed thereto both constituting 
the thrust bearing sections (in these figures, in the thrust 
bearing surfaces ll/L, 11/2) are formed the same hydrody- 
namic pressure generating grooves IVc as those in FIGS. 
^ 6(A) and 6(B). This configuration can not only offer the 
thrust support in the both directions, but also prevent the 
rotating shaft 13 from coming out of the bearing 11; 
therefore, damage to the motor can be avoided even when an 
impact load is imposed on the rotating shaft 13. 

FIGS. 9(A) to 9(C) show an embodiment in which a 
flange 13b is provided between the bearing 11 and the 
baseplate 15, and the thrust bearing sections 14fl and 14b are 
constituted on both sides of the flange portion 136. That is, 
in either the upper end face 1361 of the flange portion 136 
or the lower bearing end face 11/2 and in either the lower end 
face 1362 of the flange portion 136 or the upper surface of 
the baseplate 15 (in these figures, in the lower bearing end 
face 11/2 and in the lower end face 1362 of the flange 
portion) are arranged the same hydrodynamic pressure gen- 
erating grooves Ilk as those in FIGS. 6(A) and 6(B), 
offering the same effect as that of the configuration in FIGS. 
8(A) to 8(C). 

The bearing body 11a of the aforesaid hydrodynamic type 
go oil-impregnated sintered bearing 11 can be fabricated by 
applying, e.g., sizing, rotational sizing, and bearing surface 
molding to cylindrical sintered metal material (bearing body 
material) obtained by compression molding the aforesaid 
powdered metal and sintering the same. 
65 The sizing process is a process for sizing the outer 
periphery and the inner periphery of the sintered metal 
material to correct the bend and the like generated in the 
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sintering process, and is performed by pressing the outer 
periphery of the sintered metal material into a cylindrical die 
while pressing a sizing pin into the inner periphery of the 
material. The rotational sizing process is a process in which 
a rotational sizing pin of generally polygonal section 
(obtained by partially leveling the outer periphery of a 
circular-section pin, leaving arc portions at circumferential 
symmetric positions) is pressed against the inner periphery 
of the sintered metal material while the sizing pin is rotated 
to perform the sizing of the inner periphery. This rotational 
sizing corrects the inner periphery of the sintered metal 
material in roundness and cylindricity, and finishes the same 
at the rate of surface holes of, for example, 3-15%. The 
bearing surface molding process is a process in which a 
forming die having the shape corresponding to the bearing 
surface of a finished product is pressed against the inner 
periphery of the sintered metal material having had the 
sizing processes applied as described above, so as to simul- 
taneously mold the forming region of the hydrodynamic 
pressure generating grooves and the other regions (the ridges 
lie and the annular smooth region n) on the bearing surface. 

FIG. 11 illustrates by example the general configuration 
of a molding machine for use in the bearing surface molding 
process. This machine is composed mainly of: a cylindrical 
die 20 into which the outer periphery of sintered metal 
material 11' is pressed; a core rod 21 of hard metal for 
molding the inner periphery of the sintered metal material 
11'; and upper and lower punches 22 and 23 for pressing 
both end faces of the sintered metal material 11' from above 
and below. The core rod 21 and the upper punch 22 are 
integrated, and the outer periphery of the core rod 21 and the 
punching surface of the upper punch 22 arc finished within 
2 ^m in squareness. 

As shown in FIG. 10, the outer periphery of the core rod 
21 is provided with a forming die 21a having the concave 
and convex portions corresponding to the bearing surface 
lib of a finished product in shape. The convex portion 21al 
of the forming die 21a is to form the regions of the 
hydrodynamic pressure generating grooves He in the bear- 
ing surface lib, and the concave portion 21a2 is to form the 
regions other than the hydrodynamic pressure generating 
grooves 11c (the ridges He and the annular smooth region 
n). The difference in dimension between the convex portions 
21al and the concave portions 21a2 in the forming die 21a 
is as nearly equally minute (for example, on the order of 2-5 
/<m) as the depth of the hydrodynamic pressure generating 
grooves 11c, while it is considerably exaggerated in the 
figure. In this connection, in the cases of providing the 
hydrodynamic pressure generating grooves Ilk in the upper 
and lower bearing end faces ll/l, 11/2 (see FIGS. 6(A) 
through 9(C)), the punching surfaces 22a, 23a of the upper 
and lower punches 22, 23 are also provided with forming 
dies for transfer having the shapes corresponding to the 
aforesaid hydrodynamic pressure generating grooves llJt. 

This molding machine performs the molding in accor- 
dance with the procedures (l) to (3) shown in FIG. 11. 

For a start, the sintered metal material 11' is positioned 
and placed on the upper surface of the die 20. Subsequently, 
the upper punch 22 and the core rod 21 are lowered, so that 
the sintered metal material 11' is pressed into the die 20 and 
then pressed against the lower punch 23 for compression 
from above and below {(T)). 

The sintered metal material 11' is deformed under the 
pressing forces from the die 20 and the upper and lower 
punches 22, 23, and the inner periphery thereof is pressed to 
the forming die 21a on the core rod 21. This transfers the 
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shape of the forming die 2la to the inner periphery of the 
sintered metal material 11', molding the bearing surface lib 
in a prescribed shape and dimension (at the same time, the 
outer periphery and the both end faces of the sintered metal 
material 11' arc sized as well). 

After the molding of the bearing surface 116 is completed, 
the upper and lower punches 22, 23 and the core rod 21 are 
simultaneously lifted while holding the physical relationship 
between the sintered metal material 11' and the core rod 21 
I (©)» drawing the sintered metal material 11' out of the die 
20. Subsequently, the outer periphery of the sintered metal 
material 11' being clamped by a clamper 24 is subjected to 
heated air from a heater 25 such as a heated air generator to 
heal the sintered metal material 11' ((3)), and then the 
sintered metal material 11' is released from the core rod 21 
(0). Here, as soon as the sintered metal material 11' is 
drawn out of the die 20, the sintered metal material 11' yields 
spring back to expand in dimension of its inner diameter. 
Besides, the sintered metal material is elevated higher in 
temperature than the core rod 21 by the heating, and the 
sintered metal material 11' (consisting mainly of copper) is 
greater in coefficient of thermal expansion than the core rod 

21 (made of hard metal alloy); therefore, the sintered metal 
material 11' further expands in the dimension of the inner 
diameter. Thus, the interference between the core rod 21 and 
the sintered metal materia] 11* is avoided, allowing the core 
rod 21 to be drawn out of the inner periphery of the sintered 
metal material 11' without breaking the hydrodynamic pres- 
sure generating grooves 11c. The heating process by the 
heater 25 may be omitted in the cases where the sintered 
metal material 11' is smoothly releasable merely by means of 
the spring back. 

The sintered metal material 11' fabricated through the 
above-described processes is subjected to cleaning, and 
impregnated with lubricating oil or lubricating grease so as 
to hold oil, completing the hydrodynamic type sliding bear- 
ing (hydrodynamic type oil-impregnated porous bearing) 
shown in FIG. 1. This bearing 11 is fixed to the inner 
periphery of the housing 12 by e.g., adhesion. Incidentally, 
after the attachment of the bearing 11 to the housing 12, the 
bearing clearance and spaces around the bearing can be 
filled with oil, in addition to the impregnated oil, to greatly 
improve the lubricity. 

When the squareness between the outer periphery of the 
core rod 21 and the punching surface 22fl of the upper punch 

22 is set within 2 /mi as described above, it becomes possible 
to provide the oil-impregnated sintered bearing 11 within 3 
^m in squareness of the thrust bearing surface 11/1 with 
respect to the bearing inner periphery 11^. This bearing 11 
and a rotating shaft 13 having the squareness between the 
flange portion 13a and its outer periphery set in a prescribed 
range can be combined to avoid uneven contact in the thrust 
bearing section 14, achieving secure surface contact. 

FIG. 15 is a cross*sectional view of a hydrodynamic type 
bearing unit according to the present invention. This bearing 
unit comprises a hydrodynamic type bearing 1, a generally 
cylindrical housing 2 having the hydrodynamic type bearing 
1 fixed to the bore portion thereof, and a shaft member 3 
inserted into the bore portion of the hydrodynamic type 
bearing 1. On one end of the shaft member 3, an axially- 
projecting flange portion 3a is provided by a method of 
integral molding, pressing-in of another member, or the like. 
This flange portion 3a is arranged so as to be accommodated 
between a baseplate 4 sealing one opening of the housing 2 
and one end face of the hydrodynamic type bearing 1. The 
other opening of the housing 12 is blocked with a sealing 
member 5 such as a seal washer to prevent outward leakage 
of oil. 
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The hydrodynamic type bearing I of this embodinienl is bearing body 10 into the radial bearing clearance Cr, and 

a hydrodynamic type oil-impregnated sintered bearing in continuously drives the lubricant into the radial bearing 

which its bearing body 10 composed of cylindrical sintered surfaces lOr as well. This can increase the film pressure to 

metal is impregnated with lubricating oil or lubricating improvetherigidityof the bearing. When a positive pressure 

grease. The bearing body 10 is formed of sintered metal 5 is generated in the radial bearing clearance Cr, the holes 

consisting mainly of a copper type, an iron type, or the both existing in the radial bearing surfaces lOr cause the lubricant 

materials, and desirably molded by using copper at 20-95% to flow back to the inside of the bearing body 10; however, 

by weight. since new lubricant is successively driven into the radial 

The inner periphery of the bearing body is provided with bearing clearances lOr, the film pressure and the rigidity are 

a radial bearing surface lOr, which radially supports without 30 "^intained at high levels. The film formed here is continu- 

conlacl the shaft member 3 functioning as a rotating shaft. ous and stable, which offers a high rotational accuracy, and 

The radial bearing surface lOr is opposed to the outer lowers shaft run-out, non repetitive readout overall (MiRO), 

periphery of the shaft member 3 via a radial bearing clear- and the like. Besides, the shaft member 3 rotates 

ance Cr; the present embodiment illustrates a case in which without contact to the bearing body lla, resulting in lower 

a pair of radial bearing surfaces lOr are provided so as to be 55 noise and lower costs as well. 

axially separated, as shown in FIGS. 16(A) and 16(B). In One end face of the bearing body 10 (the end face 
both the radial bearing surfaces lOr are circumferenlially opposed to the flange portion 3a of the shaft member 3) is 
arranged and formed a plurality of hydrodynamic pressure provided with a thrust bearing surface lOi', which has been 
generating grooves 11 (of herringbone type) slanting against molded simultaneously with the radial bearing surfaces lOr. 
the axial direction. As long as being formed to slant against 20 ^^^^^ bearing surface IO5, a plurality of hydrody- 
the axial direction, the hydrodynamic pressure generating namic pressure generating grooves 14 having portions slat- 
grooves 11 may take any shape, e.g. of spiral type, other than ing against imaginary radial lines drawn on the bearing end 
that of herringbone type. In the outer periphery of the face are arranged and formed circumferentially at equal 
oil-impregnated sintered bearing 1 is/are formed a groove or intervals. In the present embodiment illustrates, those of 
a plurality (two, in the figures) of grooves 12 along the axial 25 herringbone type, i.e., of approximate V-shapes having the 
direction. The grooves 12 function as air vents for securing ciuved sections generally at the radial intermediate portions 
air communication from the space enclosed with the bearing thereof are illustrated as an example of the hydrodynamic 
body 10 and the baseplate 4 to the exterior thereof when the pressure generating grooves 14; however, any other shape 
hydrodynamic type bearing 1 is attached to the housing 2 as can be applied thereto as long as meeting the above- 
shown in FIG. is. 30 mentioned conditions. 

The radial bearing surfaces lOr each comprises a first In the bearing unit shown in FIG. 15, the shaft member 3, 

groove region ml, a second groove region m2 provided so when rotating, receives a floating force from the exciting 

as to be axially separated fi'om the first region ml, and an force between the rotor 8 and the stator 7 (see FIG. 23) to 

annular smooth region n positioned between the two groove float over the baseplate 4. Here, by the same action as 

regions ml and m2. In the first groove region ml are 35 described above, a hydrodynamic oil film is formed in a 

arranged hydrodynamic pressure generating grooves 11 thrust bearing clearance Cs between the thrust bearing 

slanting in one direction against the axial direction. In the surface IO5 and the end face of the flange portion 3fl opposed 

second groove region m2 are arranged hydrodynamic pres- thereto, so that the shaft member 3 is non-contact supported 

sure generating grooves 11 slanting in the other direction in the thmst direction. In the upper surface of the baseplate 

against the axial direction. The hydrodynamic pressure 40 4 and immediately below the shaft member 3 is arranged a 

generating grooves 11 in the two groove regions ml and m2 thrust washer 4a consisting of resin material or the like 

are sectioned by the smooth region n so as to be discon- having high lubricity, so as to reduce the friction against the 

nected from each other. The smooth regions n and the shaft end immediately after the start of and immediately 

portions of ridges 13 between hydrodynamic pressure gen- before the stop of the motor. 

erating grooves 11 are at the same level. The hydrodynamic 45 The bearing body 10 of the aforesaid hydrodynamic type 

pressure generating grooves 11 of such discontinuous type oil-impregnated sintered bearing 1 can be fabricated by 

offer the advantages that the accumulation of oil about the applying, e.g., sizing, rotational sizing, and bearing surface 

smooth regions n yields a higher film pressure and that the molding to cylindrical sintered metal material (bearing 

groove-less smooth regions n provide a higher bearing material) obtained by compression molding the aforesaid 

rigidity, as compared with hydrodynamic pressure general- 50 powdered metal and sintering the same, 

ing grooves of continuous type, i.e., in which the smooth iTie sizing process is a process for sizing the outer 

regions n are omitted and hydrodynamic pressure generating periphery and the inner periphery of the sintered metal 

grooves 11 in the both groove regions ml and m2 are material to correct the bend and the like generated in the 

connected each other into continuous V-shapcd grooves. sintering process, and is performed by pressing the outer 

In the aforesaid oil-impregnated sintered bearing 1, the S5 periphery of the sintered metal material into a cylindrical die 

lubricant (the lubricating oil or the base oil of the lubricating while pressing a sizing pin into the inner periphery of the 

grease) inside the bearing body 10 exudes out from the material. The rotational sizing process is a process in which 

surfaces of the bearing body 10 due to the thermal expansion a rotational sizing pin of generally polygonal section 

of the oil resulting from the generation of pressure and a rise (obtained by partially leveling the outer periphery of a 

in temperature with the rotation of the shaft member 3. The 60 circular-section pin, leaving arc portions at circumferential 

lubricant is then drawn into the radial bearing clearance Cr symmetric positions) is pressed against the inner periphery 

by the action of the hydrodynamic pressure generating of the sintered metal material while the sizing pin is rotated 

grooves 11. The oil drawn into the radial bearing clearance to perform the sizing of the inner periphery. This rotational 

Cr forms a lubricating film to support the shaft member 3 sizing corrects the inner periphery of the sintered metal 

without contact. That is, the hydrodynamic action of the 65 material in roundness and cylindricity, and finishes the same 

aforesaid slanting hydrodynamic pressure generating at the rate of surface holes of, for example, 3-15%. The 

grooves 11 draws the lubricant having exuded out of the bearing surface molding process is a process in which 
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forming dies having the shapes corresponding to the radial 
bearing surfaces lOr and the thrust bearing surface IO5 arc 
pressed against the inner periphery and at least one end face 
of the sintered metal material having bad the sizing pro- 
cesses applied as described above, so as to simultaneously 
mold the regions of the bydrodynamic pressure generating 
grooves 14 and the other regions (for example, the ridges 13 
and the annular smooth regions n in the radial bearing 
surfaces lOr) on the bearing surfaces lOr and IO5. 

FIG. 17 illustrates by example the general configuration 
of a molding machine for use in the bearing surface molding 
process. This machine is composed mainly of a cylindrical 
die 20 for molding the outer periphery of sintered metal 
material 10', a core rod 21 of hard metal for molding the 
inner periphery of the sintered metal material 10', and upper 
and lower punches 22 and 23 for pressing both end faces of 
the sintered metal material 10' from above and below. 

As shown in FIG. 18, the outer periphery of the core rod 
21 is provided with a forming die 21a (radial forming die) 
having the concave and convex portions corresponding to 
the pair of radial bearing surfaces lOr in shape. The convex 
portion 21^71 of the forming die 21fl is to form the regions 
of the bydrodynamic pressure generating grooves 11 in the 
radial bearing surfaces lOr, and the concave portion 21a2 is 
to form the regions other than the bydrodynamic pressure 
generating grooves 11 (the ridges 13 and the annular smooth 
regions n). 'Ilie difference in dimension between the convex 
portions 21al and the concave portions 21a2 in the forming 
die 21a is as nearly equally minute (for example, on the 
order of 2-5 fdm) as the depth of the bydrodynamic pressure 
generating grooves 11 in the radial bearing surfaces lOr, 
while it is considerably exaggerated in the figure. Moreover, 
the punching surface of either one punch (for example, the 
upper punch 22) is provided with a forming die 22a (thrust 
forming die) having the concave and convex portions cor- 
responding to the bydrodynamic pressure generating 
grooves 14 in the thrust bearing surface IO5. Which of the 
upper and lower punches 22, 23 the thrust forming die is 
provided on can be freely decided in accordance with such 
factors as the handleability of the work in subsequent 
processes, and a thrust forming die 23fl may be provided in 
the lower punch 23 in contradiction to the above-described 
case. While the concrete shape of the thrust forming die 22a 
(or the thrust forming die 23^) is not illustrated, it will be 
understood that the thrust forming die forms the regions of 
the bydrodynamic pressure generating grooves 14 in the 
thrust bearing surface 10s with its convex portions, and 
forms the regions other than the bydrodynamic pressure 
generating grooves 14 with its concave portions, like the 
radial forming die 21a. This molding machine performs the 
molding in accordance with the procedures (T) to (4) shown 
in FIG. 19, 

For a start, the sintered metal material 10' is positioned 
and placed on the upper surface of the die 20. Subsequently, 
the upper punch 22 and the core rod 21 are lowered, so that 
the sintered metal material 10' is pressed into the die 20 and 
then pressed against the lower punch 23 for compression 
from above and below ((l)). 

The sintered metal material 10' is deformed under the 
pressing forces from the die 20 and the upper and lower 
punches 22, 23, and the inner periphery and the one end face 
are pressed to the forming die 21a on the core rod 21 and the 
forming die 22a on the upper punch 22, respectively. This 
transfers the shapes of the forming dies 21a and 22a to the 
inner periphery and the one end face of the sintered metal 
material 10', simuUancously molding the radial bearing 
surfaces lOr and the thrust bearing surface 10s in prescribed 
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shapes and dimensions (at the same time, the outer periphery 
and the both end faces of the sintered metal material 10' are 
sized as well). 

After the molding of the both bearing surfaces lOr and IO5 

5 is completed, the upper and lower punches 22, 23 and the 
core rod 21 are lifted integrally while holding the physical 
relationship between the sintered metal material 10' and the 
core rod 21 ((5)), drawing the sintered metal material 10' out 
of the die 20. Subsequently, the outer periphery of the 

^0 sintered metal material 10' is subjected to heated air from a 
heater such as a heated air generator to heat the sintered 
metal material 10' ((3)), and then the sintered metal material 
10' is released from the core rod 21 (0). Here, as soon as 
the sintered metal material 10* is drawn out of the die 20, the 

1^ sintered metal material 10' yields springback to expand in 
dimension of the inner diameter. Moreover, since the sin- 
tered metal material 10' is elevated higher in temperature 
than the core rod 21 by the heating and the sintered metal 
material 10' (consisting mainly of copper) is greater in 

^0 coefficient of thermal expansion than the core rod 21 (made 
of hard metal alloy), the sintered metal material 10' further 
expands in the dimension of the inner diameter. Thus, the 
interference between the core rod 21 and the sintered metal 
material 10' is avoided, allowing the core rod 21 to be drawn 

25 out of the inner periphery of the sintered metal material 10' 
without breaking the bydrodynamic pressure generating 
grooves 11. The heating process by the heater may be 
omitted in the cases where the sintered metal material 10' is 
smoothly releasable merely by means of the springback. 

30 

The sintered metal material 10' fabricated through the 
above-described processes is subjected to cleaning, and 
impregnated with lubricating oil or lubricating grease so as 
to hold oil, completing the oil-impregnated sintered bearing 
1 shown in FIGS. 16(A) and 16(B). This bearing 1 is fixed 
to the inner periphery of the housing 2 by e.g., adhesion. 
Incidentally, after the attachment of the bearing 1 to the 
housing 2, the respective bearing clearances Cr, Cs and 
spaces around the bearing can be filled with oil, in addition 
to the impregnated oil, to greatly improve the lubricity. 

40 

The forming of the bearing surfaces lOr, 10s by com- 
pression molding the sintered metal material 10' as described 
above can simplify the processes, lowering the production 
costs through the shortening of cycle time and the improve- 
ment in mass productivity. Moreover, merely performing the 
final process of bearing surface molding (bydrodynamic 
sizing) can readily produce bydrodynamic type bearings 
with a high degree of accuracy, facilitating the quality 
control. It is also easy to simultaneously mold the radial 
bearing surfaces lOr and the thru.st bearing surface IO5; in 
this case, the problems can be avoided which rise in the 
cases of molding the bearing surfaces lOr, IO5 in separate 
processes, that is, the problems of accuracy decrease in 
bearing surfaces molded in a preceding process, and the like. 
55 FIGS. 20 through 23 show other embodiments employing 
the aforesaid bydrodynamic type oil-impregnated sintered 
bearing 1. 

FIG. 20 shows an embodiment in which the other end face 
of the bearing body 10 (on the opening side of the housing 

60 2) is provided with the above-mentioned thrust bearing 
surface 10s. Here, the thrust bearing clearance Cs is formed 
between the aforesaid thrust bearing surface 10s and the end 
face (lower end face) of the flange portion 3a arranged on 
the shaft member 3. In the figure, elastic material 4b such as 

65 resin or rubber is put over the baseplate 4 and used as 
packing to prevent the oil leakage through the joining 
portion between the baseplate 4 and the housing 2. 
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FIG. 21 shows an embodiment in which both end faces of 
the bearing body 10 are provided with thrust bearing sur- 
faces 10^1 and 1052, respectively. The both end faces of the 
bearing body 10 are opposed to end faces of two flange 
portions 3al , 3a2, which are provided at two places on the 5 
shaft member 3, via thrust bearing clearances Csl, Cs2, 
respectively. In this case, since the support of both- 
directional thrust loads is made possible and the shaft 
member 3 is prevented from coming out, damage to the 
motor can be avoided when an impact load is imposed on the 
shaft member 3. Thrust forming dies 22fl, 23fl having the 
concave and convex portions corresponding to the shapes of 
the hydrodynamic pressure generating grooves can be pro- 
vided on the punching surfaces of the upper and lower 
punches 22, 23 in FIG. 17 so that the thrust bearing surfaces 
lOsl and 10is2 are molded simultaneously with the radial 
bearing surfaces lOr by exacdy the same procedures as those 
in HG. 19. 

FIG. 22 shows an embodiment in which the aforesaid 
thrust bearing surface IO5I is provided on one end face of 20 
the bearing body 10 (on the bottom side of the housing 2) as 
in FIG. 15, and such thrust bearing surface 10^2 is provided 
on either the opposing surfaces of the flange portion 3a or 
the baseplate 4 (for example, on the upper surface of the 
baseplate 4), offering the same effect as that of the configu- 25 
ration in FIG. 21. 

FIG. 23 shows an embodiment in which the housing 2 and 
the baseplate 4 shown in FIG. 22 are integrated into a 
closed -bottomed cylindrical housing 2' (bag-shaped 
housing). On one end face of the bearing body 10 and on 30 
either of the opposing surfaces of the flange portion 3a and 
a housing bottom surface 2a (for example, the housing 
bottom surface 2a) are provide the aforesaid thrust bearing 
surfaces IO5I and 1052 (here, the radial bearing clearance Cr 
and the thrust bearing clearances Csl, Cs2 are shown 35 
exaggerated in width). Here, in addition to the same effect as 
that of the configuration in FIG. 21, further cost-lowering 
and the like can be achieved by the complete prevention of 
the oil leakage through the joining portion between the 
baseplate 4 and the housing 2, and by the reduction of the 40 
number of component parts. Such bag-shaped housing 2' can 
be applied to the bearing units in FIGS. 15, 20, and 21 to 
offer the same effect. In the figure, the reference numeral 6 
designates a disc hub holding an optical disc or the like and 
being connected to the top end of the shaft member 3, the 45 
reference numeral 7 a motor stator fixed to the bag-shaped 
housing 2', and the reference numeral 8 a motor rotor fixed 
to the disc hub 6. 

While the above description has illustrated by examples 
the cases in which the bearing body 10 is formed of sintered 50 
metal, the present invention is also applicable in the case 
where the bearing body 10 is formed of soft metals such as 
aluminum, brass, and bronze. Here, the radial bearing sur- 
faces lOr and the thrust bearing surface IO5 can be simul- 
taneously molded by the same procedures as those shown in 55 
FIGS. 17 through 19. In a case where the bearing material, 
after the bearing surface molding, is hard to release from the 
core rod 21, the bearing material should be heated at the 
process (?). Here, lubricating oil is filled into the radial 
bearing clearance Cr and the thrust bearing clearance Cs as 60 
the lubricant. 

While there has been described what are at present 
considered to be preferred embodiments of the invention, it 
will be understood that various modifications may be made 
thereto, and it is intended that the appended claims cover all 65 
such modifications as fall within the true spirit and scope of 
the invention. 
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What is claimed is: 

1. A hydrodynamic type oil-impregnated sintered bearing 
unit comprising a shaft and a hydrodynamic type oil- 
impregnated sintered bearing including a bearing body 
formed of sintered metal, said bearing body being provided 
with a radial bearing surface opposed to an outer periphery 
of said shaft via a bearing clearance and being impregnated 
with oil, said hydrodynamic type oil-impregnated sintered 
bearing supporting said shaft without contact by means of 
hydrodynamic action produced on said radial bearing sur- 
face in a relative rotation between said shaft and said bearing 
body, wherein: 

at least one bearing end face of said hydrodynamic type 
oil-impregnated sintered bearing and a flange portion 
provided on said shaft constitute a thrust bearing sec- 
tion; and 

a squareness between said one bearing end face and a 
bearing inner periphery and a squareness between said 
flange portion and the outer periphery of said shaft are 
controlled to a tolerance that said one bearing end face 
and said flange portion are kept out of uneven contact 
with each other in a relative rotation between said shaft 
and said bearing body. 

2. The hydrodynamic type oil-impregnated sintered bear- 
ing unit according to claim 1, wherein: 

the squareness between said one bearing end face and the 
bearing inner periphery is set within 3 /im; and 

the squareness between said flange portion and the outer 
periphery of said shaft is set within 2 /jm. 

3. The hydrodynamic type oil-impregnated sintered bear- 
ing unit according to claim 1 or 2, wherein: 

a bearing bore diameter d and a bearing length L of said 
hydrodynamic type oil-impregnated sintered bearing 
are set as 

L^1.2d; and 

said radial bearing surface is provided at one place on the 
bearing inner periphery. 

4. The hydrodynamic type oil-impregnated sintered bear- 
ing unit according to claim 1 or 2, wherein: 

a hydrodynamic pressure generating groove, for feeding 
oil, slanting against an axial direction is provided in the 
bearing inner periphery of said hydrodynamic type 
oil-impregnated sintered bearing, so that said thrust 
bearing section is fed with oil by means of hydrody- 
namic action produced in said hydrodynamic pressure 
generating grooves. 

5. The hydrodynamic type oil-impregnated sintered bear- 
ing unit according to claim 1 or 2, wherein 

said thrust bearing section supports said shaft without 
contact by means of hydrodynamic action produced in 
the relative rotation between said shaft and said bearing 
body. 

6. The hydrodynamic type oil-impregnated sintered bear- 
ing unit according to claim 5, wherein 

either of said one bearing end face and said flange portion 
opposed thereto constituting said thrust bearing section 
is provided with a hydrodynamic pressure generating 
section having a plurality of concave portions arranged 
circumferentially. 

7. The hydrodynamic type oil -impregnated sintered bear- 
ing unit according to claim 6, wherein 

said concave portions in said hydrodynamic pressure 
generating section are hydrodynamic pressure generat- 
ing grooves having portions slanting against imaginary 
radial lines drawn on said bearing end face. 
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8. The hydrodynamic type oil-impregnaled sintered bear- 
ing unit according to claim 1 or 2, wherein 

said thrust bearing section is axially arranged at two 
places to support thrust loads in both directions. 

9. The hydrodynamic type oil-impregnated sintered bear- 5 
ing unit according to claim 1 or 2, wherein 

a rate of surface holes of said hydrodynamic type oil- 
impregnated sintered bearing is set to be 10% or less in 
said radial bearing surface, and set to be 5% or less in 
said bearing end face constituting said thrust bearing 
section. 

10. A hydrodynamic type bearing having a radial bearing 
surface provided in an inner periphery of a bearing body, 
said radial bearing surface having a hydrodynamic pressure 
generating groove slanting against an axial direction, said 

radial bearing surface being opposed via a radial bearing 
clearance to an outer periphery of a shaft member to be 
supported, wherein 

a thrust bearing surface having a hydrodynamic pressure 
generating groove is formed on at least one end face of 
said bearing body, simultaneously with said radial 
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bearing surface, wherein both of said radial bearing 
surface and said thrust bearing surface are pressed 
surfaces formed bv a forming die having a shape 
corresponding to the bearing surface of a finished 
product. 

11. The hydrodynamic type bearing according to claim 
10, wherein 

said bearing body is formed of sintered metal and impreg- 
nated with oil. 

12. The hydrodynamic type bearing according to claim 
10, wherein 

said bearing body is formed of soft metal 

13. A hydrodynamic type bearing unit comprising a shaft 
member having a flange portion, and a hydrodynamic type 
bearing according to any one of claims 10 through 12, 
wherein 

said thrust bearing surface and the end face of said flange 
portion opposed thereto form a thrust bearing clear- 
ance. 
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[57] ABSTRACT 

A sliding bearing having an improved load-carrying capacity 
and fatigue strength, by sintering a molded body of iron- 
based metal mixture powder and concurrently bonding the 
same to steel-backed metal layer, in which a lubricating oil 
having the optimal lubrication conditions is impregnated, 
and providing convenient maintenance and management 
thereof due to an increased grease non-supplying period, and 
a manufacturing method of the same. A sliding bearing 
includes a steel-backed metal layer, and an iron-based 
sintered alloy layer formed of copper of 10-30 wt % and 
iron for the residue. The iron-based sintered alloy layer is 
sintered and concurrently bonded to the steel-backed metal 
layer. A bush type sliding bearing is formed by inserting a 
steel-backed metal layer into a mold of a press having cavity 
for installation of a core at the cenU-al portion of the mold 
and a lower pressing member at the lower portion thereof; 
filling metal mixture powder formed of copper of 10-30 wt 
%, graphite of 6.5 wt % or less, and iron for the residue 
between the core and the steel-backed metal layer and then 
inserting an upper pressing member into the upper portion of 
the mold; forming the metal mixture powder into a molded 
body by selectively applying pressure of 50-300 kg^cm^ to 
the upper pressing member and/or the lower pressing 
member, respectively; and sintering the molded body into a 
sintered alloy layer by maintaining the molded body 
together with the steel-backed metal layer under predeter- 
mined gas atmosphere at temperature of 1,065° C.-l,095'* C. 
for 3-25 minutes and concurrently bonding the sintered 
alloy layer to the steel-backed metal layer. 

8 Claims, 10 Drawing Sheets 
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SLIDING BEARING AND MANUFACTURING it is not possible to increase strength and hardness through 

METHOD THEREOF heat treatment, wear resistance of the sliding bearing is 

improved. 

BACKGROUND OF THE INVENTION To overcome the above problems, as a sUding bearing, a 

. 5 sintered alloy bearing has been used having only an iron- 

1. Field of the Invention ^j^sed sintered alloy layer without a steel-backed metal layer. 
The present invention relates to a sliding bearing and a However, the sintered alloy bearing is only used in a small 

manufacturing method thereof, and more particularly, to a size, i. e., the diameter and length of the bearing are within 

sliding bearing having a sintered alloy layer formed on a arangeof5-50mm, since it is considerably difficult to make 

steel-backed metal layer by sintering a compacted body the large size sintered bearing have the high density, 

made of iron-based metal mixture powder and concurrently Furthermore, when solid lubricant is included in the sintered 

bonding the same to the steel-backed metal layer so that alloy bearing and the high pressure for molding 

load-carrying capacity (permissible load), fatigue strength, (compacting) is applied to increase the density of the 

and fitting characteristic in the housing are improved, and bearing, the solid lubricant acts as an impediment to the 

also having lubricating oil meeting the optimal lubrication 35 sintering so that the strength and load-carrying capacity of 

conditions impregnated therein so that a grease refilling the bearing is further reduced. Thus, with the iron-based 

period is considerably extended, facilitating maintenance of sintered aUoy layer only, low friction and high load-carrying 

the sliding bearing, and a manufacturing method of the capacity (or high permissible load) cannot be simultaneously 

same. achieved. 

2. Description of the Related Art 20 ^^^^^ problems, a sliding bearing in which 
In general, a sliding bearing is a machine part for sup- \ steel-backed metal layer is bonded to an iron-based 

porting a shaft, a journal, or a counter plate used for a driving ^f^'f ^"^y ^^^V proposed. Here, the sintered 

or sliding portion of industrial machines such as construe- ^ ^'^'^J' '^^^'^ T f . n '^Z ^"^P^"^"' 

tion equipments of excavator, forklift, crane, machine tools, .^^ "^^f^ P^/f 1^^^^^' ^^[Jf^y 

presses, injection machines, or vehicles. Tlie sliding bearing 25 conditions of a predetermined load-carrying capacity, high 

can be classified into various types such as a bush type, a [^sistance to fatigue strength and fitting characienstic in the 

half-pipe type, and a plate type, and usuaUy formed by ^'^^^"^S; prevention of detachment from the housmg, and 

bonding copper-based alloy, aluminum-based alloy, copper- P.^^^^f ° oil loss tough a rear side. However a 

lead-based aUoy, or copper-based and synthetic resin-based ^^°y ^^y*^^ saUsfying such conditions is not easdy 

complex material to a steel-backed metal layer, 30 ?verlaid onto the steel-backed metal layer since, when an 

„ ^ , . iron-based mixture powder body of such composition is 

The structiue of each conventional sliding beanng will be ^^^^^^^ t^e mixture powder body severely shrinks due to 

descnbed as foUows. densification phenomenon. Also, since the steel-backed 

First, a sliding bearing formed by bonding an aluminum- metal layer expands at the corresponding sintering 
based alloy layer to a steel-backed metal layer includes a temperature, the iron-based sintered body and the steel- 
steel-backed metal layer, an intermediate layer attached to backed metal layer are not bonded to each other and thus the 
the steel-backed metal layer, and an aluminum bearing alloy bearing is manufactured in a state the iron-based sintered 
layer attached to the intermediate layer. The aluminum alloy body and the steel^backed metal layer being separated, 
layer includes a small amount of tin (Sn) and silicon (Si), Que to the difiBculties in bonding the steel-backed metal 
and the intennediate layer is formed of an aluminum alloy jayer and the sintered alloy layer, in order to manufacture a 
layer including a smaU amount of one or more elements sliding bearing of which an iron-based sintered alloy layer is 
selected from the group consisting of manganese (Mn), bonded to a steel-backed metal layer, a sintered alloy layer 
copper (Cu), and magnesium (Mg). ^ fi^st formed by sintering iron-based metal aUoy powder 

vSecond, a sliding bearing having a copper-lead -based and then the sintered alloy layer is bonded to a steel-backed 

alloy layer has a multi-layered structure composed of a 45 metal layer by a method such as welding or brazing. In this 

steel-backed metal layer, a copper-lead-based bearing alloy case, however, a process for manufacturing the sliding 

layer combined to the steel-backed metal layer, and a bearing is divided into two steps and further pores can be 

tin-containing lead alloy combined to the bearing alloy clogged by a filler metal fused during brazing which is easily 

layer. absorbed in the pores of the sintered alloy layer due to 

Third, there is a sliding bearing having a bearing layer 50 capillary action. As a result, it is diflicuh to obtain porosity 

formed of synthetic resin as a main ingredient which is of 10% or more in volume in the sintered alloy layer for 

formed on the surface thereof. In this sliding bearing, a impregnation of the lubricant, and brittle structures are 

porous metal layer is formed on an inner metal layer such as formed due to a reaction between the fused filler metal and 

a steel plate and a bearing layer having lubricating synthetic the sintered alloy so that the sintered alloy layer is brittle 

resin as a main ingredient which covers a surface of the 55 against impacts. Also, flux used for brazing remains in the 

porous metal layer and part of which is impregnated in the pores of the sintered alloy layer so that the sintered alloy 

pores of the porous metal layer. The bearing layer is formed layer can be easily and rapidly corroded, causing a bad effect 

by solidifying 4-ethyIene resin fluoride and solid lubricant of the lubricating property of the sliding bearing, 

so that fine powder particles of the PTFE resin and the solid Meanwhile, for the best performance of the lubricant of 

lubricant cohere each other. 50 the sliding bearing, the sintered alloy layer must be impreg- 

However, the conventional sliding bearings having the nated with lubricating oil. However, since the best condi- 
above structures have demerits. That is, since the alloy lions of impregnation of the lubricating oil for the sliding 
layers contacting the counterpart of the sliding bearing are bearing having an iron-based sintered alloy layer sinter- 
formed of copper-, copper-tin-, copper-lead-, aluminum-, or bonded to a steel-backed metal layer has not been known so 
synthetic resin-based material exhibiting a relatively low 65 far, the performance of the lubricant can not be maximized, 
hardness, it is not appropriate to use these sliding bearings Further, since grease must be frequently refilled as nec- 
for the permissible load over 300-500 kg^cm^. Also, since cssary after the conventional sliding bearing is initially 
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installed, the maintenance and management of the sliding inserting a steel-backed metal layer into a mold of a press 
bearing is difficult and inconvenient. having cavity for installation of a core at the central portion 



OBJECl^ OF THE INVENTION 



of the mold and a lower pressing member at the lower 
portion thereof; filling metal mixture powder formed of 

To solve the above problems, it is an objective of the 5 copper of 10-30 wt %, graphite of 6.5 wt % or less, and iron 

present invention to provide a sliding bearing which can for the balance between the core and the steel-backed metal 

improve dynamic load-carrying capacity (permissible load) layer and then inserting an upper pressing member into the 

including impact load, wear resistance, fatigue strength, and upper portion of the mold; forming the metal mixture 

fitting characteristic in the housing and also prevent detach- powder into a molded body by selectively applying pressure 

mcnt from housing and the loss of oil through a rear side. lO of 50-300 kg^cm^ to the upper pressing member and the 

It is another objective of the present invention to provide lower pressing member, respectively; and sintering the 

a sliding bearing in which a self-lubrication is performed molded body into a sintered alloy layer by mainuining the 

smoothly and a dry/wet lubrication is performed altogether. molded body together with the steel-backed metal layer 

It is still another objective of the present invenUon to predetermined gas atmosphere at temperature of 

provide a sliding bearing impregnated with lubricating oil 1,065" C.-l,095" C. for 3-25 minutes and concurrently 

having the optimal viscosity and satisfying lubrication con- bondmg the smtered alloy layer to the steel-backed metal 

ditions for an iron-based sintered alloy layer. layer. 

It i^s yet another objective of the present invention to ^^^^ DESCRIPTION OF THE DRAWINGS 
provide a shdmg bearmg havmg a grease renUing sU"ucture 

so that a frequent, manual replenishing of grease is not The above objectives and advantages of the present 

needed and a grease refilling period is extended, thereby invention will become more apparent by describing in detail 

accomplishing long term trouble-free maintenance. a preferred embodiment thereof with reference to the 

It is yet further another objective of the present invention attached drawings in which: 

to provide a method of manufacturing a sliding bearing by ^5 FIG. 1 is a perspective view illustrating a bush type 

which a sintered alloy layer is formed by sintering an sliding bearing according to the present invention; 

iron-based metal mixture powder molded body (compacted FIG. 2 is a perspective view illustrating a half-pipe type 

body) and concurrently bonding the smtered body to a siding bearing according to the present invention; 

steel-backed metal layer. - . . . .„ . , 

FIG. 3 IS a perspective view illustrating a plate type 

SUMMARY OF THE INVEN'HON 30 sliding bearing according to the present invention; 

Accordingly, to achieve the above objectives, there is FIG. 4 is a sectional view showing a plurality of the bush 

provided a sliding bearing including a steel-backed metal ^XP^ sliding bearings of a diameter as shown in FIG. 1 are 

layer, and an iron-based sintered alloy layer formed of welded or bonded together to be lengthy; 

copper of 10-30 wt % and iron for the balance. The FIG. 5 is a sectional view schematically showing a press 

iron-based sintered alloy layer is sinter-bonded (sintered and for manufacturing the sliding bearing shown in FIG. 1; 

concurrently bonded) to the steel-backed metal layer. FIG. 6 is a sectional view schematically showing a press 

It is preferable in the present invention that the iron-based for manufacturing the sliding bearing shown in FIG. 2; 

sintered alloy layer further includes graphite of 0.1-6.5 wt % HG. 7 is a sectional view schematically showing a press 

and molybdenum disulfide of 0.1-7.0 wt %. for manufacturing the sliding bearing shown in FIG. 3; 

To achieve the above objectives, there is provided a FIG. 8 is a sectional view schematicaUy showing a rolUng 

sliding bearing m which lubncating oil having ISO viscosity ^ij, fo, manufacturing the sUding bearing shown in FIG. 3; 

gradeof 100-1,500, kinematic viscosity of 98-1,500 cSt at « • *• 1 • u ■ .1- . c 

40O C, and viscosity index of 120-50, or lubricating oil ^ ^ f.t rl'^T ^^^"^'f " 

having ISO viscosity grade of 220-680, kinematic viscosity 45 ^^"^ ^^PP^y ^^^"^^ ^" 

of 210-670 cSt at 40° C, and viscosity index of 90-110, is ^1^. 10 is a sectional view taken along Ime X— X of FIG. 

impregnated into the iron-based sintered alloy layer. ^» 

To achieve the above objectives, there is provided a TIG. 11 is a sectional view showing the strucnire of a 

sliding bearing including a housing having an inlet capable grease supply of a sliding bearing according to another 

of opening or being closed formed on the outer surface of the 50 preferred embodiment of the present invention; 

steel-backed metal layer, for supporting the sliding bearing, FIG. 12 is a sectional view taken along line XII — XII of 

an annular guide groove formed along the outer circumfer- FIG. 11; 

ential surface of the steel-backed metal layer at the position piG. 13 is a flow chart representing a process of manu- 

corrcsponding to the inlet, a plurality of first grease supply facturing a sliding bearing according to the present inven- 

bolcs radially penetrating the steel-backed metal layer along 55 tion* 

the guide groove and a second grease supply groove pj^ ^ ^^^^j dimensional change in 

(reservoir) connecUng to the firet grease supply holes cir- ^ ^^ ^.^^ ^^^^^ ,^ ^j^,/^ .emperature according to 

cumfeientially exlendmg m the nng shape (annular type) m ^^^j ^^/^^ embodiment of the present invention; and 

said u-on-based sintered alloy layer, llierefore, the grease T • • • 

injected via the inlet of the housing flows along the guide 60 ''^ ^ ^'^P^ showing one dimensional change in 

groove along the outer circumferential surface of the steel- "^^^^ ^^^P^^ sintenng temperature accordmg to 

backed metal layer and passes through the first grease supply ^^"'"^ preferred embodiment of the present invention, 
holes and stored in the second grease supply groove, and 
finally is supplied to the boundary surface between the 

sintered alloy layer and the sliding counterpart. 65 

To achieve the above objectives, there is provided a A sliding bearing according to the present invention can 

method of manufacturing a bush type sliding bearing by have various shapes according to the purpose of use, for 
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example, a bush type, a half-pipe type, and a plate type as steel is 0.07 or less, indicating a stable lubricating perfor- 

respectively shown in FIGS. 1 to 3. maace under application of the extremely-high static pres- 

Referring to FIGS. 1 and 2, in a bush type sliding bearing sure and dynamic loads. When graphite and molybdenum 

1 and a half-pipe type sliding bearing 2, steel-backed metal disulfide powders are mixed with the liquid lubricant such as 

layers U and 21 arc disposed at the outer circumferential 5 lubricating oil, the powders must be completely mixed to be 

surfaces of the respective bearings 1 and 2, and iron-based used until they are suspended or reach a paste state, 

metal mixture powder is sinter-bonded (concurrently sin- Meanwhile, the steel-backed metal layer of the present 

tered and bonded) to the inner circumferential surface of invention is formed of carbon steel, and preferably, is 

each stcel-backcd metal layer. Thus, iron-based sintered copper-plated to the thickness of 2-10 ^im by clcctroless 

alloy layers 12 and 22 are formed on the inner circumfer- lo plating or electroplating. Here, stainless steel may be used 

ential surfaces of the steel-backed metal layers 11 and 21, for the steel-backed metal layer. 

respectively. In a plate type sliding bearing 3, as shown in Also, according to the present invention, as shown in FIG. 

FIG. 3, iron-based metal mixture powder is concurrently 4, a lengthy sliding bearing can be made by welding or 

sintered and bonded to a surface of a steel-backed metal bonding a plurality of sliding bearings in a lengthwise 

layer 31 and thus an iron-based sintered alloy layer 32 is 3^ direction. 

formed on the surface of the steel-backed metal layer 31. siding bearing is installed in a housing to support the 

According to the preferred embodiment of the present shding cotmterpart such as a shaft or a journal, and grease 

invention, the sintered alloy layers 12, 22, and 32 are is supplied to the sliding bearing. 

preferably comprising of copper (Cu) of 10-30 wt % and a sliding bearing having a grease supply structure accord- 
iron (Fe) for the residue. Here, graphite of 6.5 wl % or less ^^^^^^^ ^^^^^ invention will be described 
may be further added to the sintered aUoy layers 12, 22, and ^jjij reference to the drawings. 

Referring to FIGS. 9 and 10, a sliding bearing 75 in which 

Also, according to the present mvention, the sintered alloy iron-based sintered alloy layer 87 is bonded to the inner 

layers 12, 22, and 32 can further include molybdenum circumferential surface of a steel-backed metal layer 81 is 

disulfide (M0S2), tm (Sn), nickel (Ni), and manganese (Mg) installed inside a housing 73 for supporting a sliding coun- 

m addition to u-on, copper, and graphite. Here, the compo- ^^^^^^ 74 gu^h as a shaft or a journal, and a dust seal 84 is 

sition ratio is preferably copper of 10-30 wt %, graphite of ^^^^ i^talled to both sides of the sliding bearing 75. An 

6 5 wt % or less, molybdenum disulfide of 0,1-7.0 wt %, tin j^let 77 for a lubricant is formed at upper side of the housing 

of 2-15 wt %, nickel of 2-1^ wt %, manganese of 2-5 wt 73 3 ^^^^^^ 79 fo^ opening/closing the inlet 77 is coupled 

%, and iron for the residue. the inlet. An annular guide groove 83 for guiding a 

Since the sliding bearings 1, 2, and 3 have the iron-based lubricant such as grease injected through the inlet 77 toward 

alloy layers 12, 22, and 32, respectively, a heat treatment is the outer circumferential surface of the steel-backed metal 

possible to increase strength and hardness. layer 81 is formed at the outer circumferential surface of the 

The graphite or molybdenum disulfide included in the 35 steel-backed metal layer. A plurality of first grease supply 

sintered alloy layers 12, 22, and 32 serves as a solid holes 85 for guiding the grease injected along the guide 

lubricant. However, it is preferable that a liquid lubricant groove 83 to the sintered alloy layer 87 are formed along the 

such as lubricating oil is impregnated into the sintered alloy guide groove. In the present embodiment, as shown in FIG. 

layers 12, 22, and 32 to meet a long-term grease refilling 10, four first grease supply holes 85 are respectively formed 

condition. in four perpendicular directions. 

As the lubricant oil impregnated into the sliding bearing a second grease supply groove 89 connecting to the first 
according to the present invention, for a sliding bearing of grease supply holes 85 for guiding the grease flowing via the 
a general use, gear oil meeting the conditions of ISO first grease supply holes 85 to reach a boundary surface 
viscosity grade of 100-1,500, kinematic viscosity of 98-1, between the sintered alloy layer 87 and the sliding counter- 
500 cSt at 40** C, and viscosity index of 120-50 is used 45 part 74, are formed toward the circumferential direction. The 
according to conditions such as applied load and velocity of second grease supply groove 89 is a ring-shaped or annular 
a sliding counterpart. type groove formed by removing the sintered alloy layer 87 
To meet the conditions of heavy permissible load over along the circumferential direction thereof. The width of 
300-500 kgf/cm^ and velocity over 5-70 mm/sec, it is guide groove 83 and second grease supply groove 89 must 
preferable to use lubricating oil having ISO viscosity grade 50 be greater than the diameter of each first grease supply hole 
of 220-680, kinematic viscosity of 210-670 cSt at 40° C, 85, while the second grease supply groove 89 has no limit 
and viscosity index of 90-110. When the viscosity of in its width. Also, the height of second grease supply groove 
lubricating oil is within the above ranges, a frictional coef- 85 equals to the thickness of the sintered alloy layer 87. 
ficient obtained when the sliding counterpart is a chromium- Thus, when the nipple 79 is detached from the inlet 77 to 
plated hardened carbon steel becomes quite a low value in 55 inject grease, the grease is supplied along the guide groove 
the range of 0.05-0.15. 83 toward the outer circumferential surface of the steel- 
In particular, to provide the lubricating oil used for heavy backed metal layer 81 and stored in the second grease supply 
load with extreme-pressure resisting characteristic in addl- groove 89 passing through the first grease supply holes 85. 
tion to the lubrication characteristic, it is preferable that Thus, the grease is supplied to the boundary surface between 
graphite and molybdenum disulfide powders having the 60 the sintered alloy layer 87 and the sliding counterpart 74 
grain size less than 200 serving as a solid lubricant, are whenever the sliding bearing 75 operates. Since the grease 
selectively or altogether added up to 50% in volume ratio as supplied to the boimdary surface includes graphite or molyb- 
being suspended into the lubricating oil. When the lubricat- denum disulfide, selectively or altogether, lubrication opera- 
ing oil having graphite and molybdenum disulfide powders tions are achieved very efiectively due to the combined 
added in addition to the wet lubricant such as lubricating oil 65 operation of dry lubrication and wet lubrication, i.e., opera- 
is used, the frictional coefficient obtained in case that the tions of the solid lubricant, the impregnated oil, and the 
sliding counterpart of chromium-plated hardened carbon grease. 
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The dry lubrication operation by a solid lubricant, graph- pressing members 44 and 43 may operate selectively or 
ite or molybdenum disulfide, shows better performance for altogether. The pressure during pressing is preferably main- 
supporting the sliding counterpart 74 of heavy load which lained between 50-300 kg/cm2 for the respective upper and 
moves at low velocity. Also, since the solid lubricant stored lower pressures, and the molding pressure is determined in 
in the second grease supply groove 89 and at the boundary 5 consideration of a desired porosity (the volume ratio of 
surface hardly leaks or is reduced, a period for refilling the Po^es with respect to the volume of the entire sintered alloy 
grease is extended for a long term. l^V^O after sinter-bonding (sintering and bonding) processes 
,u A u A 1 * » • which will be described later. It is preferable that the 

When the above-descnbed grease supply structure is -sad/ 

, . u u *u i j- ^ -^A ■ porosity IS between 10-30%. 

applied to a case m which the shdmg coun erpart 74 is ^^^^^^ ^3 ^ ^^^^^ ^ 

formed of chromium-plated hardened carbon steel, the fric 10 ^^^^i^^^^^ed metal Uyer U and is sintered and bonded each 

tional coefficient between the sliding bearing 75 and the ^^y^^^ ^ ^^^^ iron-based sintered alloy layer 12 is formed 

sliding counterpart is maintained within a range of steel-backed metal layer 11. ITie sintering/bonding 

0.02-^.05, thus considerably reducmg the friction therebe- process is performed under any one gas atmosphere selected 

iween. Further, smce most solid lubricant remams m the from the group consisting of nitrogen, hydrogen, and mixed 

second grease supply groove 89 and at the boundary surface, 15 nitrogen and hydrogen atmospheres, ammonia 

together with the grease, only a wet lubricant, e. g., lubri- decomposed gas atmosphere, argon gas atmosphere, 

eating oil or grease, suffices for refilling, without supplying vacuum, endothcrmic and exothermic gas atmosphere. In the 

a solid lubricant. nitrogen and hydrogen mixed gas atmosphere, hydrogen is 

Referring to FIGS. 11 and 12, a sliding bearing having a preferably included over 30% in volume ratio with respect 

grease supply structure according to another example of the mixed gas. Also, in the vacuum atmosphere, it is 

present invention wiU be described. preferable the pressure is 10-^ torr or less. Further, the 

Since a grease supply structure according to another ^^^rno^^o^^P''^?™'^ the temperature between 1,065« 

1 f.u ; • ♦ u *u * . J C.-l ,095 C. and the temperature is kept for 3-25 minutes, 

example of the present invention has the same structure and „,I , . . f . . 

operation as the above described grease supply structtire .^hen the sintenng tempwati^ and tune is out of the 

example, except that difiuse grooves 91 are formed on the t°7J'°^u', !L'^°^u^^n ^ ''"'f^ T 

^ . r . 1 r r.i. • . j , c,^ - boudcd wcll to the steel-backed metal layer 11. When the 

mner circumferential surface of the smtered alloy layer 87 in ^^j^^ ^3 ^ ^^^^^^^ ^^^^^ ^^J^^^ ^^^^^^ ^ 

an axial direction extending from the second grease supply Uyer 12 in the above ranges set for sintering temperature and 

groove 89, the detailed description thereof wiU be omitted. ^^^^ contraction hardly occurs or only a little expansion is 

Although the diffuse grooves 91 can be formed mto generated so that the sintered alloy layer 12 is easily bonded 
various shapes, it is preferred that the profile of each diffuse to ihe steel-backed metal layer 11. However, since liquid- 
groove is half-circular. The grease injected through the inlet state sintering occurs when the sintering is made above the 
77 flows on the circumfereiitial surface of the steel-backed set ranges for temperature and time while solid-state sinter- 
metal layer 81 along the guide groove 83 and stored in the ing occurs under the above set ranges, the sintered alloy 
first grease supply holes 85 and second grease supply groove 35 Uyer 12 severely contracts and is detached from the steel- 
89. The stored grease finaUy flows into the diffuse grooves backed metal layer 11, making the bonding of the sintered 
91 as the sliding bearing 75 operates. Thus, since the diffuse alloy layer and the steel-backed metal difficult. Also, when 
grooves 91 are formed axially on the inner circumferential solid sintering is occurred, strength of the sintered aUoy 
surface of the sintered alloy layer 87 and the grease is stored layer 12 is weakened. When the liquid sintering is occurred, 
in the diffuse grooves 91, the lubrication operation to the ^ copper is fused during the sintering process and fused 
boundary surface between the sintered aUoy layer 87 and the copper exhibiting high fluidity is formed which flows on the 
sliding counterpart 74 is performed very effectively. Also, boundary surface between the steel-backed metal layer 11 
since more amount of the lubricant remains on the boundary and the sintered alloy layer 12, or concentrates on any one 
surface than in the case according to the first example due to position, so that pores is irregularly distributed throughout 
the amount stored in the diffuse grooves 91, the period for the sintered alloy layer 12, causing ill effect on porosity, 
refilling grease can be further extended. Further, as fluidity of the fused copper becomes higher, the 

A method for manufacturing a sliding bearing having the contraction rate of the sintered alloy layer 12 becomes 

above structure according to the present invention will now higher. 

be described with reference to the drawings. When sintering is made within transition temperature and 
Referring to RGS. 1, 4, 5, and 13, a method of munu- 50 transition time between each solid-stale and liquid-state 
facluring a bush type sliding bearing wUl be first described. sintering, copper included in the molded body 13 is fused 
In this method, copper-plated steel-backed metal is used for and fused copper is formed. However, since viscosity of the 
the steel-backed metal layer 11, and preferably, a copper above fused copper is relatively high, i. e., fluidity is low, the 
plate layer (not shown) is formed to have a thickness of 2-10 concentration phenomenon that the fused copper flows 
/im by electroless plating or electroplating. 55 toward the boundary surface or at any one position thereof 
Ihen, metal mixture powder having the above composi- can be prevented, thereby making the distribution of the 
tion ratio is uniformly mixed. Next, the steel-backed metal fiised copper uniform, llierefore, a degree of clogging of the 
layer U is inserted in a mold 41 of a press 4, in which a core pores in the sintered alloy layer 12 is reduced so that the 
42 and a lower pressing member 43 are installed at the pores can be uniformly distributed. Also, owing to the fused 
central and lower portions of the press, respectively, llie 60 copper of high viscosity present between the sintered alloy 
mixed metal mixture powder is filled between the steel- layer 12 and the steel-backed metal layer 11, the sintered 
backed metal layer 11 and the core 42, and an upper pressing alloy layer is sintered and concurrently bonded (sinter- 
member 44 inserts into the upper portion of the mold 41. bonded) together. 

Then, a molded body (compacted body) 13 is formed by The iron-based metal mixture powder not satisfying the 
press-molding the metal mixture powder and then the 65 above composition ratio is not bonded well, concurrently 

molded body and the steel-backed metal layer 11 are taken with sintering thereof. In such a case, a change of the copper 

out together. In the press-molding, the upper and lower content serving as a critical factor in sintering is preferred. 
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Then, the sliding bearing obtained after sintering and 
bonding undergoes beat treatment such as carburizing, 
□itriding, carburizing and nitriding, quenching, or tempering 
after these treatments, to improve its strength and hardness. 
These heat treatments are possible since the sintered alloy 5 
layer 12 is formed using iron as a main component. When 
the beat treatment is performed in a continuous fiimace, it is 
preferable that the sliding bearing 1 is transferred from a 
heating place to a cooling place and then maintained at 
temperature between 750* C.-950° C. for performing 
carburizing, nitriding, carburizing and nitriding, quenching, 
or tempering. 

When graphite or molybdenum disulfide is included in the 
sintered alloy layer 12, it serves as a dry lubricant. Further 
a step of impregnating a wet lubricant such as lubricating oil 
into the heat-treated sliding bearing 1 can be included. 
Preferably, the liquid lubricant used in the impregnating step 
is lubricating oil having ISO viscosity grade of 100-1,500, 
kinematic viscosity of 98-1,500 cSt at 40* C, and viscosity 
index of 120-50, or lubricating oil having ISO viscosity 
grade of 220-680, kinematic viscosity of 210-670 cSt at 40* 
C, and viscosity index of 90-110. 

Next, a method of manufacturing the half-pipe type 
sliding bearing 2 will be described with reference to FIGS. 
2 and 6. 

25 

The steel-backed metal layer 21 is inserted into a mold 51 
of a press 5 which has a half-circular cavity, a core 52 
installed at the center thereof, and a lower pressing member 
53 instaUed at the lower portion thereof. Then, iron-based 
metal mixture powder is filled between the stcel-backed 
metal layer 21 and the mold 51, and an upper pressing 
member 54 is inserted into the upper portion of the mold 51 
and presses the iron-based metal mixture powder to form a 
molded body 23. The molded body 23 is sintered together 
with the steel-backed metal 21 under the same conditions as 
described above so that the sliding bearing 2 having the 
sintered aUoy layer 22 formed on the steel-backed metal 
layer may be manufactured. Since the other steps are the 
same as in the method for manufacturing a bush type sliding 
bearing, a detailed description thereof is omitted. Also, by 
dividing the bush type sliding bearing 1 into two halves, two 
half-pipe type sliding bearings can be obtained. 

Next, a method of manufacturing the plate type sliding 
bearing 3 will be described, with reference to FIGS. 3, 7, and 

In this method, metal mixture powder having the above 
composition ratio is sintered to the copper-plated steel- 
backed metal layer 31 of a plate type to a predetermined 
thickness and concurrently bonded to form the iron-based 
sintered alloy layer 32. As shown in FIG. 7, the steel-backed 
metal layer 31 is placed on a mold (die) 61 of a press 6 
having a rectangular cavity where a lower pressing member 
63 is inserted in the lower portion thereof. 

Then, metal mixture powder having the above composi- 
tion ratio is placed on the steel-backed metal layer 31 and an 55 
upper pressing member 64 is inserted into the upper portion 
of the mold 61. The upper and lower pressing members 64 
and 63 press the metal mixture powder to form a molded 
body 33. 

'Ihen, the molded body 33, together with the steel-backed 60 
metal layer 31, is kept under a predetermined gas atmo- 
sphere at predetermined temperature for predetermined time 
as above-described so that the molded body 33 is sintered 
and concurrently bonded to the steel-backed metal layer 31 
to form the sintered alloy layer 32. 55 

Alternatively, as shown in FIG. 8, a rolling mill 7 can be 
used, that is, the stcel-backcd metal layer 31 is placed on the 
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rolling mill 7 and the metal mixture powder of the above 
composition ratio is placed thereon. 

Then, the steel-backed metal layer 31 having the metal 
mixture powder placed thereon passes between upper and 
lower pressing rollers 71 and 72 and is maintained under a 
predetermined gas atmosphere at predetermined temperature 
for predetermined time as described-above. Thus, a molded 
body is sintered and concurrently bonded to the steel-backed 
metal layer 31, to form the iron-based alloy layer 32. If 
necessary, a heat treatment process or a lubricant impreg- 
nating step is apphed as in the method for manufacturing the 
bush type sliding bearing. 

In the method of manufacturing the plate type sliding 
bearing 3, the sintering temperature and the maintenance 
time arc preferably in ranges of 1,065* C.-l,250* C. and 
3-35 minutes, respectively, imlike the bush type or half-pipe 
type sliding bearing manufacturing method. Under such 
conditions, defective bonding does not occur caused by the 
difference in relative contraction rate and thermal expansion 
between the sintered alloy layer 32 and the steel-backed 
metal layer 31. Also, the defective bonding does not occur 
when the metal mixture powder satisfies the condition of the 
above-described composition ratio. If the condition is not 
met, bonding is not made as desired. That is, when a 
sintering/bonding (i. e. sinter-bonding) process is performed 
out of the above condition, in the plate type sliding bearing 
3, unlike the bush type sliding bearing 1, the middle portion 
of the boundary siu-face is bonded while defectiveness that 
the edge portion thereof is debonded or the entire surface is 
not bonded occurs. The latter defectiveness occurs due to the 
composition ratio of the metal mixture powder, as described 
above. 

Preferred Embodiment 1 

Metal mixture powder consisting of iron of 74 wt %, 
copper of 25 wt %, and graphite of 1 wt % is pressed by 
upper and lower pressure of respectively 50-300 kg^cm^ so 
that a molded body of 94 mm in inner diameter and 4 mm 
in thickness is formed. The molded body is maintained 
together with a steel-backed metal layer of 102 mm in inner 
diameter and 6 mm in thickness at the sintering temperature 
of 930* C.-l,100* C for 5-60 minutes, and then is cooled, 
and thus a sliding bearing is manufacmred. The contraction 
rate of the sintered alloy layer of the sliding bearing and a 
degree of bonding between the sintered alloy layer and the 
steel-backed metal layer arc shown in a graph of FIG. 14. 

As shown in the graph, it can be seen that, when the 
conditions of sintering temperature between 1,065* C.-l, 
095* C. and sintering time between 3-25 minutes arc kept, 
no contraction occurs and further bonding is made well, 
concurrently with sintering thereof. 

Preferred Embodiment 2 

Metal mixture powder mixed with iron powder of 75 wt 
% and copper powder of 25 wt %, and metal mixture powder 
mixed of iron powder of 74 wt % and copper powder 25 wt 
%, and graphite powder 1 wt %, are formed into a molded 
body of a rectangular block having a size of 150 mm in 
length, 50 mm in width, and 20 mm in thickness by a press 
using a roll-press method. The molded body is maintained 
together with a copper-plated steel-backed metal layer under 
nitrogen and hydrogen mixture gas atmosphere at the tem- 
perature between 900* C.-l,200* C. for 5-60 minutes, and 
then is cooled, and thus a plate type sliding bearing is 
manufacmred. The contraction rate of the sintered alloy 
layer of the sliding bearing and a degree of bonding between 
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the sintered alloy layer and the steel-backed metal layer are since the width of the back metal layer of the bearing can be 
shown in a graph of FIG. 15. The molding pressure of adjusted, the bearing itself can be formed to be a housing, or 

50-300 kg/cm^ is applied as the respective upper and lower other supporters can be welded and bonded so thai flexibility 

pressures. in design is allowed. 

As shown in the graph, it can be seen that the sintering 5 12) Since lubricating oil meeting the most optimal con- 
temperature and the sintering time to realize a sintering/ ^itipns is impregnated into the sliding bearing graphite or 

bonding state in which defective bonding due to relative molybdenum disulfide included m the sintered alloy layer of 

contraction and expansion rate of the sintered alloy layer do ^^'^1"^ '^.f .""S ^^^f ^ f^^'^^rn k ' 

not occur are between 1 065* C -1 250* C and between l^bncatrng oil impregnated mlo the shding bearing serves as 

not occur are oetween i uo:> K.. k.. ana Deiwecn ^^^.^ lubricant. Further, since the impregnated lubricating 

J-^U minutes, respectively. includes graphite or molybdenum disulfide, selectively or 

As described above, the sliding bearing and its aianufac- altogether, the sliding bearing of the present invention 

turing method according to the present invention have always operates in a combined self-lubricated condition, the 

advantages as follows. frictional coefficient with respect to the counterpart is very 

1) Since iron-based metal mixture powder molded in low, equivalent to the value of 0.05 or less, and the frictional 
contact with a steel-backed metal layer is sintered in a coefficient is stably maintained in spite of the conditions of 
transition range for solid-state sintering and liquid-state the extremely high static pressure and dynamic loads, 
sintering, the iron-based metal mixture powder is sintered thereby improving lubrication characteristic. 

into an iron-based sintered alloy layer and concurrently and 13) According to the grease supply structure of the present 

easily bonded to the steel-backed metal layer. invention, since grease is smoothly supplied to the boundary 

2) Since a strength-adjustable carbon steel is selected as surface between the sintered alloy layer and the shding 
a back metal layer and a low-density iron-based sintered counterpart and remains in a large amount, the lubrication 
alloy having lubrication and low firiction characteristics is characteristic is superior and also an efifect of combined 
sinter-bonded to the inner surface of the back metal layer, self-lubricating operation increases the grease refilling 
the shding bearing can support load over 700 kgf/cm^. Thus, period such that the grease refilling period is extended up to 
the shding bearing according to the present invention shows the minimiun 300 hours to 1,000 hours. Tht grease refill 
superior performance not only under Ught load and high period can be nearly permanent according to a method of 
speed conditions, but also heavy load and medium or low designing the bearing. Further, even when grease refilling is 
speed conditions. needed, graphite or molybdenum disulfide which is a solid 

3) When the counterpart is made of chromium-plated 30 lubricant hardly leak out and remains in the inner ring-shape 
hardened carbon steel, kinematic frictional coefficient is groove, so that the bearing can be maintained by refilling 
maintained between 0.05-0.15 and operation temperature only grease. 

are maintained under 30* C.-lOO* C. What is claimed is: 

4) When the housing is formed of iron-based, the sliding ^' ^ ^^^^S. bearing comprising: 
bearing according to the present invention can be easily 35 ^ steel-backed metal layer; and 

fitted into the housing without any troubles and does not an iron-based sintered alloy layer comprising copper of 

detach from the housing even under the severe change of 10-30 wt %, a solid lubricant and iron for the residue, 

atmospheric temperature since it has the elastic modulus the solid lubricant comprising at least one of graphite 

ahnost identical to that of the housing and a low frictional 0.1-6.5 wt % and molybdenum disulfide 0.1-7.0 wt %, 

coefficient 40 said iron-based sintered alloy layer being sintered and 

5) 'iliere is no frictional noise during reciprocation, oscil- concurrently bonded to said steel-backed metal layer at 
lation and rotation in contact with a shaft. ^ temperature of 1,065-1095° C. 

6) The sliding bearing according to the present invention . ^' 7^^ f ^^^S f ""^^^^t ^^^^"^ 1' wherein said 
shows very excellent embeddabUity against foreign particles ^^on-based sintered alloy layer ftirther composes tin of 2-15 
or wear debris. 45 wt %, nickel of 2-15 wt %, or manganese of 2-5 wt %. 

-V ,. ' . .. - , . . 3. 'llie sliding bearing as claimed in claim 1, wherein the 

7) The shdrngbearmg according to the present invention i^o^.^ased sintered alloy layer further comprises liquid 
shows excellent resistance against crack-propagation, sud- j^^^^^^^ impregnated therein 

den impact load and a higher fatigue hmit. 4 sliding bearing as claimed in claim 3, wherein the 

8) Seizure or burning of the inner surface of smtering ^^^^^^ lubricant comprises a lubricating oil having ISO 
material with respect to the counterpart does not occur in any viscosity grade of 100-1,500, kinematic viscosity of 98-1, 
event dunng operation. 5O0 cSt at 40* C, and viscosity index of 120-50, or a 

9) 'llie sliding bearing according to the present invention lubricating oil having ISO viscosity grade of 220-680, 
shows superior conformability and compatibihty with the kinematic viscosity of 210-670 cSt at 40* C, and viscosity 
counterpart. Thus, particularly when the counterpart is 55 index of 90-110. 

formed of hardened chromium-plated carbon steel, it is 5. The sliding bearing as claimed in claim 3, wherein 

hardly damaged, powders of at least one of graphite and molybdenum disul- 

10) There is no loss of oil through the rear side of the fide are suspended in the liquid lubricant, the powders 
bearing due to presence of the steel-backed metal layer. having grain size less than 200 ^m. 

Also, since the steel-backed metal layer is present on the rear 60 ^' l^e sliding bearing as claimed in claim 1, wherein said 

surface of the bearing, recovery rate of an lubricating oil sliding bearing further comprises: 

after the bearing operates is high due to a high hydrody- a housing having an inlet formed on an outer surface of 

namic pressure to the pores near the back metal portion said steel-backed metal layer for supporting said sliding 

compared to a bearing having no back metal layer and a bearing; 

general-use bearing. 65 an annular guide groove formed along an outer circum- 

11) Since the rear surface of the bearing is formed of fcrential surface of said steel -backed metal layer at a 
carbon steel, welding and bonding is made possible. Also, position corresponding to said inlet; 
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a plurality of holes radially penetrating said steel-backed 
metal layer along said guide groove; 

liquid lubricant impregnated into said iron-based sintered 
alloy layer, said liquid lubricant having ISO viscosity 
grade of 100-1,500, kinematic viscosity of 98-1,500 
cSt at 40* C, and viscosity index of 120-50; and 

powders of at least one of grahite and molybdenum 
disulfide, the powders being su^ended in the liquid 
lubricant and having grain size less than 200 fitn. 



14 



7. The sliding bearing as defined in claim 1, wherein the 
sintering of the alloy layer and the concurrent bonding at the 
temperature of 1065-1095* C. is performed for 3-25 min- 
utes. 

8. The sliding bearing as defined in claim 1, wherein 
before the sintering, a mixture comprising the copper, the 
solid lubricant and the iron is compacted under the pressure 
of 50-300 kg/cm^. 
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ABSTRACT 



A durable, single action, variable displacement vane pump 
capable of undervane pumping, components thereof, and 
pressure balancing method. The pump comprises a cylin- 
drical barstock rotor member having large diameter journal 
ends and central vane slots uniformly spaced therearound. 
The vane slots are elongate and have a central vane- sup- 
porting portion of maximum depth surrounded at each end 
by extension portions having depths which decrease axially 
to the surface of rotor member. The varied rotor is rotatably 
supported within a unitary cam member having opposed 
faces and a circular bore therethrough forming a cam cham- 
ber having a continuous interior circular cam surface. The 
vane slot extensions in the rotor project outwardly beyond 
the cam chamber. An opposed pair of manifold bearings 
rotatably support the journal ends of the rotor and overlap 
the vane slot extensions to admit fluid to expanding vane 
bucket areas of the rotating vaned rotor and also into the 
vane slot extensions and undervane areas for pressure bal- 
ancing purposes. Fluid passages and pressures within the 
pump are arranged to balance forces acting on various parts 
to reduce stress, improve sealing, and pennit sharing of a 
fluid pressure source. 

19 Claims, 8 Drawing Sheets 
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VARUBLE DISPLACEMENT VANE PUMP, 
COMPONENT PARTS AND METHOD 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to single acting, variable 
displacement fluid pressure vane pumps and motors, such as 
fuel and hydraulic control pumps and motors for aircraft use, 
component parts thereof and to a method for balancing fluid 
pressures. 

Over the years, the standard of the commercial aviation 
gas turbine industry for main engine fuel pumps has been a 15 
single clement, pressure-loaded, involute gear stage charged 
with a centrifugal boost stage. Such gear pumps are simple 
and extremely durable, although heavy and inefficient How- 
ever, such gear pumps are fixed displacement pumps which 
deliver uniform amounts of fluid, such as fuel, under all 20 
operating conditions. Certain operating conditions require 
different volumes of liquid, and it is desirable and/or nec- 
essary to vary the liquid supply, by means such as bypass 
systems which can cause overheating of the fuel or hydraulic 
fluid and which require heat transfer cooling components 25 
that add to the cost and the weight of the system. 

2. State of the Art 

Vane pumps and systems have been developed in order to 
overcome some of the deficiencies of gear pumps, and 
reference is made to the following U.S. Patents for their 
disclosures of several such pumps and systems: U.S. Pat. 
Nos. 4,247,263; 4.354,809; 4,529,361 and 4,711,619. 

Vane pumps comprise a rotor element machined with slots 
supporting radially-movable vane elements, mounted within 
a cam member and manifold having fluid inlet and oudet 
ports in the cam surface through which the fluid is fed 
radially to the inlet areas or buckets of the rotor surface for 
compression and from the outlet areas or buckets of the rotor 
surface as pressurized fluid. 

Vane pumps that are required to operate at high speeds 
and pressures preferably employ hydrostatically (pressure) 
balanced vanes for maintaining vane contact with the cam 
surface in seal arcs and for minimizing frictional wear. Such 
pumps may also include rounded vane tips to reduce vane- 
to-cam surface stresses. Examples of vane pumps having 
pressure-balanced vanes which are also adapted to provide 
undcrvane pumping, may be found in U.S. Pat. Nos. 3,711, 
227 and 4,354,809. The latter patent discloses a vane pump 
incorporating undervane pumping wherein the vanes are 
hydraulically balanced in not only the inlet and discharge 
areas but also in the seal arcs whereby the resultant pressure 
forces on a vane cannot displace it from engagement with a 
seal arc. 

Variable displacement vane pumps are known which 55 
contain a swing cam element which is adjustable or pivot- 
able, relative to the rotor element, in order to change the 
relative volumes of the inlet and outlet or discharge buckets 
and thereby vary the displacement capacity of the pump. 

Among the disadvantages of known vane pumps are their 60 
lack of durability, susceptibility to wear, complexity of rotor 
and cam structures, necessity for end sealing plates to seal 
the ends of the rotor for the purpose of containing the 
pressurized fluid, and other essential elements which can 
provide vane pumps with variable metering properties not 65 
possessed by gear pumps but which detract from their 
durability or life span relative to the comparative durability 
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and life spans of gear pumps. In conventional vane pumps 
the rotor is splined upon and driven by a central drive shaft 
having small diameter journal ends/which are not strong 
enough to withstand the opposed inlet and outlet hydraulic 
pressure forces generated during normal operation. This 
problem is overcome by forming such pumps as double- 
acting pumps having opposed inlet arcs and opposed oudet 
or discharge arcs which balance the forces exerted upon the 
journal ends, as disclosed by the prior art such as U.S. Pat. 
Nos. 4,354,809 and 4,529,361, for example. 

SUMMARY OF THE INVENTION 

The present invention relates to novel single acting, 
variable displacement vane pumps, and components thereof, 
which have the durability, ruggcdness and simplicity of 
conventional gear pumps, and the versatility and variable 
metering properties of vane pumps, while incorporating 
novel features and properties not heretofore possessed by 
prior known pumps of either type. 

The novel pump of the present invention comprises a 
durable, substantially uniform diameter rotor member which 
may be machined from barstock, similar in manner and 
appearance to the main pumping gear of a gear pump. The 
rotor has large diameter journal ends at each side of a central 
vane section which includes a plurality of axially-elongated 
radial vane slots having central deeper well areas, slidably 
engaging a mating vane element. The rotor slots are such 
that the vanes may be significantiy greater in thickness than 
is permitted in pumps constructed in accordance with the 
prior art. Axial grooves or depressions may be included in 
the surface of the rotor between the vane slots. These 
depressions provide increased volume, to reduce sudden 
pressure build-up which can occur when the enclosed vol- 
ume between the vanes is reduced as it is during the 
pumping process. This can create an effect similar to "water 
hammer^* in a residential plumbing system. An adjustable, 
narrow cam member having a continuous circular inner cam 
surface eccentrically sum)unds and encloses the central vane 
section, and the cam surface is engaged by the outer surfaces 
of the vane elements during operation of the pump. The cam 
housing pivots a pin to provide the means for adjusting the 
operating "displacement" of the pump. Pressure forces 
within the cam are directed, through the porting structures of 
the bearings, so that the cam loads are centrally (i.e., 
symmetrically) located relative to the pin, thereby reducing 
the force needed to actuate the cam and reducing the stresses 
on the pin. This arrangement permits forces to be distributed 
so that the pin is maintained in compression, thereby sim- 
plifying alignment and assembly of the cam to the pin. The 
pin includes a crowned aligiunent feature which assures that 
the cam and the bearings will always be in close proximity. 
The journal ends of the rotor member arc rotatably sup- 
ported within opposed durable manifold bearings, which 
may be made for example from barstock material, and which 
have manifold faces which contact opposite faces of the cam 
member and overlap the outer ends of the elongated radial 
vane slots. Each manifold bearing has interior inlet and 
discharge passages communicating with the cam — contact- 
ing manifold faces. The latter comprise an inlet arc segment 
opening to the inlet passages of the bearing, and a smaller 
discharge arc segment opening to the discharge passages of 
the bearing, separated from each other by opposed small 
sealing arc segments. Rotation of the journals of the vaned 
rotor member within' the manifold bearings and of the 
central vane section within the cam member causes fluid 
such as liquid fuel to be admitted axially through the inlet 
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arc segments of the bearings into the cam chamber and into 
expanding inlet bucket chambers between the vanes, and 
also through the inlet manifold passages and the vane slot 
extensions to under-vane chambers. Continued rotation of 
the rotor member through a sealing arc segment into a 5 
discharge arc segment changes the pressure acting upon the 
leading face of each vane from inlet pressure to increasing 
discharge pressure as the volume of each bucket chamber is 
gradually compressed at the discharge side or arc of the 
eccentric cam chamber. The pressurized fuel escapes into the 
discharge ports of each manifold bearing, through the dis- 
charge passages, and is channelled to its desired destination. 

According to the present invention, the pressures acting 
upon the vanes are balanced so that the vanes are lightly 
loaded or "floated" throughout the operation of the present 
pumps. This reduces wear on the vanes, permits the use of 
thicker, more durable vanes and, most importantly, provides 
elasto-hydrodynamic lubrication of the interface of the vane 
tips and the continuous cam surface. Such balancing is made 
possible by venting the undervane slot areas to an interme- 20 
diate fluid pressure in the seal arc segments of the manifold 
bearings whereby, as each vane is rotated from the low 
pressure inlet segment to the high pressure discharge seg- 
ment, and vice versa, the pressure in the undervane slot areas 
is automatically regulated to an intermediate pressure at the 
seal arc segments, whereby the undervane and overvane 
pressures are balanced which prevents the vane elements 
from being either urged against the cam surface with exces- 
sive force or from losing contact with the cam surface. The 
intermediate pressure at the seal arc segments is derived 
from the servo piston pressure which is used to move the 
cam. 

The regulation of the undervane pressure permits the use 
of thicker, more durable vanes by eliminating the unbal- 
anced pressures which are found in the prior art. In the prior 35 
art, vanes are made thin to limit the loading of the vane 
against the cam, because relatively high discharge pressure 
produces the force that urges the vane tip against the cam, 
while relatively low inlet pressure acts to relieve the inter- 
face pressure between the tip and the cam. The small area of 40 
the thin vane allows tolerable loads at the vane tip but often 
requires dense brittle alloys and results in fragile vanes. 
Within the inlet arcs of the present invention the undervane 
areas are subjected to inlet pressure as are the overvane 
areas. Within the outlet arcs of the pump, the undervane 45 
areas are subjected to outlet pressure as are the overvane 
areas. Within the seal arcs of the pump, the undervane areas 
are subjected to a pressure that is midway between inlet and 
discharge pressure, to compensate for the overvane areas 
which are also subjected half to inlet and half to discharge. 50 
More importantly, the regulation of the undervane pressure 
and "floating" of the vanes causes the outer surfaces of the 
vanes to float over the continuous cam surface which is 
lubricated by the fluid being pumped, whereby metal-to- 
metal contact and wear arc virtually eliminated. This over- 55 
comes the need for hard, brittle, wear-resistant, heavy met- 
als, such as tungsten carbide, for the vanes and/or for the 
cam siuface and permits the use of softer, more ductile, 
lightweight metals, particularly if the outer vane tips are 
radiuscd or rounded and a wear resistant coating, such as of 50 
titanium nitride, is applied to the outer rounded vane tip 
surfaces and to the cam surface. 

The suuclural features of the journal bearing include a 
"hybrid" bearing pad which is supplied with discharge 
pressure from the pump. The discharge pressure provides a 65 
high load level bias which increases the load carrying 
capability of the bearing. The pad is configured with a 
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single, axial pressure-fed groove, which provides lubricant 
and a pressure bias on the incoming rotor direction. The pad 
also includes a "U" shaped groove with the legs of the "IT* 
positioned transverse to the axis of the journal bearing and 
the bottom of the **U" being located on the outgoing rotor 
direction. These legs and bottom of the "U" shaped groove 
are supplied with high pressure lubricating fluid to provide 
a desired pressure bias. The journal bearing structure further 
includes a larger diameter, eccentrically located flange on 
the face, which contacts the cam to assure that the bearings 
have sufficient load to maintain contact with the cam. The 
surface of the flange adjacent to the cam includes relief 
grooves to minimize the amount of face area which is 
subjected to discharge pressure induced outward load, from 
the cam. The surface of the flange most distant from the cam 
is loaded in its entirety with discharge pressure to assure that 
the net load acts against the cam. The eccentric favors 
increased area in the discharge pressure arc to assure that the 
loading is always against the cam. The top inner diameter of 
the bearing, for a distance around the sides slightly away 
from the hybrid pressure pad, contains labyrinth seal 
grooves for the purpose of limiting the amount of parasitic 
bearing flow. 

The bearing seal-arc ports are located entirely above the 
horizontal centeriine of the rotor with the bottom of these 
ports not being positioned below the centeriine. In this 
manner, the ports will not be located in a region where the 
volume of the vane buckets is increasing, because expansion 
of the bucket volume in the seal area region tends to produce 
destructive cavitation. The ports, being above the centeriine 
will permit only slight compression of the vane buckets, 
thereby avoiding the potential for cavitation. 

The novel vane pumps of the present invention also 
provide substantial undervane pumping of the fluid fh>m the 
undervane slot areas by piston action as the vanes are 
depressed into the slots at the discharge side of the cam 
chamber. Such undervane pumping can contribute up to 
40% or more of the total fluid displacement. 



DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a fuel pump 
assembly according to one embodiment of the present 
invention, illustrating fluid flow paths therethrough; 

FIG. 2 is a schematic diagram of the fuel pumping system 
through the assembly of FIG. 1, including an adjustment 
• system for the cam member to vary the liiel displacement 
volume; 

FIG, 3 is a schematic cross-sectional view of the single 
acting vane stage of FIG. 1 taken along the line 3 — ^3 thereof; 

FIG. 4 is a simplifled schematic depiction of the supply or 
discharge of fluid to or from the undervane slot areas in the 
areas of the inlet and discharge arcs respectfully, and of the 
porting of the undervane slot areas to an intermediate, 
balancing pressure in the areas of the seal arcs of the cam 
chamber; 

FIG. 5 is a perspective view of a single acting vane stage 
comprising a substantially uniform-diameter rotor member, 
containing vanes, a cam member and manifold bearing 
members according to the present invention, the members 
being shown in disassembled configuration for purposes of 
illustration; 

FIG. 6 is a partially cut-away perspective view of the 
pressure pad of the manifold bearing members of HG. 4 
viewed from one end thereof; 
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FIG. 7 is a perspective view of the manifold bearing 
members of FIG. 6, viewed from the opposite end thereof; 
and 

FIG. 8 is an enlarged perspective view of the central 
slotted area of the rotor member of FIG. 5, with the vane 5 
elements removed to illustrate the novel configuration of the 
vane slots therein. 

DETAILED DESCRIPTION jq 

Referring to FIG. 1, the fuel pump assembly 10 thereof 
comprises a variable displacement single acting vane pump 
11 having a rugged barstock rotor member 12 having a 
plurality of vane elements 13 radially-supported within 
axially-elongated, concave vane slots 32 disposed around 
the central area of the rotor member 12. The outer tips of the 
vane elements 13 preferably are rounded to reduce their 
areas of contact with the interior continuous surface 14a 
(RG. 3) of an adjustable cam member 14, and a pair of 
manifold bearing blocks or members IS and 16 rotatably 20 
support the large diameter journal ends 12a and 12b of the 
rotor member 12 and provide axial sealing of the pressurized 
chamber. In this regard, the blocks 15 and 16 serve the 
function of the "side" or "end" plates of a conventional vane 
pump. 25 

The vane pump 11 is fed with fluid from a centrifugal 
boost stage 17 comprising an axial inducer and radial 
impeller 18 and associated collector and difiiiser means 26 
mounted within a housing section 19 connected to a housing 
section 20 mountable on a main engine gearbox. 

Power is extracted in conventional manner from an engine 
through a main drive shaft 21 which includes an oil- 
lubricated main drive spline 22, a fuel-lubricaied internal 
drive spline 23, a shear section 60 and a main shaft seal 61. 
A second shaft 24 drives the boost stage 17 from a conmion 
spline with the main shaft 21. 

The pump is mounted to the main engine gearbox, and 
ports are provided to passages through the housing section 
19 for an outlet 25 from the boost stage 17 through difiiiser 40 
means 26 to an external heat exchanger and filter (FIG. 2) 
and back into inlet passage 36 (FIG. 2) to the inlet arc 
section 27 of the manifold bearings 15 and 16 for axial 
introduction of the fiiel, under inlet pressure, past the 
hemispherical bevels or undercut slots 28 on the opposed 45 
faces of the cam member 14 in the area of the inlet arc of the 
cam chamber and into the expanding fuel inlet buckets 29 
formed between adjacent vane elements 13 within the inlet 
arc section of the cam member 14, as shown in FIG. 3. 

Rotation of the rotor 12 and vanes 13 within the cam 50 
member 14 causes the inlet buckets 29 to move into a seal 
arc area where they become isolated from the inlet arc 
sections 27 of the manifold bearings 15 and 16 and begin to 
become compressed due to the non-concentric axial position 
of the rotor member 12 within the cam chamber, as shown 55 
in FIG. 3. Within the seal arc zones, which are u-ansition 
zones between the lower-pressurized inlet pressure zone and 
the increased discharge pressure zone, each vane experi- 
ences a different overvane pressure on each side of it, which 
normally can cause intermediate overvane forces. However, 60 
as illustrated by FIG. 4, the present pumps provide special 
pressure relief passages 30 to a source of fluid at interme- 
diate pressure in the seal arc areas whereby fuel is supplied 
at intermediate pressure through axial passages 30 in the 
manifold bearings 15 and 16 (FIG. 5) to the extremities 31 .65 
of the vane slots 32, beyond the vane elements 13, to 
produce an intermediate fluid pressure in the undervane slot 
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areas 33 which balances the overvane fluid pressures and 
reduces the stresses or forces exerted by the vane tip surfaces 
against the continuous cam surface 14a in the area of the 
sealing arc zones. As can be seen from FIGS. 3 and 4, the 
undervane areas 33 are biased directly to inlet pressure, 
through slot extensions 31 and bearing ports and passages 
when the vane is in the inlet arc, and to discharge pressure 
when the vane is rotated to the discharge arc zone. In this 
manner, the vane loading in the inlet, seal, and discharge arc 
zones is held to very tolerable levels since the vane loads are 
achieved primarily through a combination of balanced pres- 
sure forces an low dynamic forces. 

FIG. 2 is a simplified depiction of a cam member mecha- 
nism adjustable between minimum and maximum displace- 
ment flow positions. The cam 14 pivots on a pin 34 sup- 
ported within housing section 20 at the top of the pump 
structure member. The pump is at maximum displacement 
when the cam 14 is positioned so that the vane buckets 
experience maximum contraction in the discharge arc zone. 
Likewise, minimum flow occurs when the cam 14 and the 
rotor 12 are almost concentric. Mechanical stops 35 are 
designed into a piston adjusunent system 35' to limit cam 
displacement, generally, for the purpose of assuring that the 
cam will not contaa the rotor surface (exceeds max dis- 
placement). These stops include shims for final production 
calibration. The piston adjustment system 35* is supplied 
with fluid at a predetermined pressure selected to be "inter- 
mediate" or "half-way" between the inlet and discharge 
pressures of the pump. This arrangement permits the use of 
a common source of fluid pressure (not shown) for both the 
adjustment system 35' and the axial relief pressure passages 
30 and associated scaling arc ports 52 shown in HG. 4 and 
described elsewhere herein. 

As illustrated by FIGS. 1 and 2, the fuel exits the booster 
stage 17 of the pump through an external flanged outlet 25 
and a collector/diffiiser means 26 from the axial inducer/ 
impeller 18 at the front of the boost stage 17. The axial 
inducer imparts suf&cient pressure rise to the fluid to elimi- 
nate poor quality effects associated with line losses or fuel 
boiling and assures that the main impeller, downstream from 
the inducer, will be handling non-vaporous liquid. Angled 
slots in the impeller hub allow some of the flow to move 
from the front to the back side of the impeller. Hence fuel 
passes radially outward through the vaned passages on both 
sides of the impeller, subsequently to be collected and 
diffused. As shown in FIG. 2, the iucl exits the booster stage 
17 through outlet 25 to pass through the external engine heat 
exchanger and filter, subsequently, to remm, via an inlet 
passage 36 in housing section 20, to the main vane stage. 
Fuel enters around the main vane stage cam 14 in the inlet 
arc zone 27 and is admitted, axially, to the expanding inlet 
vane buckets 29 through an undercut slot 28 on each cam 
face from face recesses in each of the bearings 15 and 16 and 
on both sides of the cam 14. Each vane bucket 29 then 
carries the fuel circumferentially into the discharge arc 
where contracting discharge bucket 29a squeeze the fuel 
axially outward into discharge ports 55 (FIG. 7) cut into the 
faces of the bearings 15 and 16 in the discharge arc zone, 
subsequently to be discharged to the engine through cored 
passages 38 and 39 in the housing sections 19 and 20. FIG. 
1 provides a depiction of the flow path through the systenx 

Certain prior art vane piunps were designed to perform in 
the absence of a filter and therefor intimate working parts, 
including cams, vanes and sideplates, were fabricated from 
tungsten carbide, a very tough, dense, brittle material. The 
high density of the vanes resulted in high cenuifugal loading 
which, when combined with the substantial pressure loads 
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under the vanes in the inlet and sealing arcs, demanded that 
the vanes be very narrow in order to minimize vane loading/ 
wear at the interface with the cam. Through the incorpora- 
tion of filtered fuel as the means for contamination resis- 
tance, and the use of pressure balancing as the means for 
moderating the forces acting on the vanes, a lower density, 
more ductile high vanadium-content tool steel alloy material 
is used according to the present invention, thereby assuring 
a far less fragile pumping vane and cam. 

The novel design of the present pumps enables the use of 
thicker vanes which obviously have lower bending stress 
and greater colunm stiffness. A less obvious but very impor- 
tant corollary to the effect of thicker vanes is that the vane 
tip radius can be much greater (a factor of five), thereby 
permitting configuration of the vane tip as a continuous, 
smooth surface for the enhancement of vane tip lubrication 
at the interface with the continuous cam surface I4a. 

In addition to balancing the undcrvane and overvane loads 
on the vane elements 13, the undervane access and capacity 
through the downwardly-tapered vane slot extensions 31 
increases the volumetric capacity of the pump by enabling 
the introduction and discharge of undervane fluids to and 
from undervane areas 33. As the vane passes through the 
inlet arc, the cavity 33 under the vane 13 is filled with fuel 
as the vane expands out of the vane slot 32. As the vane 
passes through the discharge arc, the downward movement 
of each vane 13 into its slot 32 forces that fluid out of each 
undervane cavity 33, resulting in a pimiping action which 
greatly increases the capacity of the pump. The present 
pumps have thick vanes and can extract almost 40% of 
capacity from undervane pumping. The vane elements 13 fit 
snugly within the vane slots 32 and function like pistons as 
they are depressed into the arcuate slots 32 during move- 
ment of the rotor through the dischai;ge arc, whereby fluid is 
expelled axially from the undervane areas 33 outwardly in 
both directions through the slot extensions 31, discharge 
ports 37 and cored passages 38 and 39. The bulk of the 
pressurized discharge fluid or fuel is expelled from the 
bucket areas 29a, between vane elements 13, but the under- 
vane volume from cavities 33 can equal as much as about 
40% of the total discharge volume. Referring to FIGS. 5 to 
8 of the present drawings, these illustrate in greater detail the 
rugged, robust barstock rotor member 12 (FIGS. 5 and 8). 
vane elements 13 (FIG. 5), cam member 14 (FIG. 5) and 
manifold bearings 15 and 16 (FIGS. 5 to 7), 

The rotor member 12 has an appearance and shape similar 
to a conventional heavyweight gear shaft in that it has a 
substantially uniform thick diameter throughout, and a cen- 
tral vane area 40 comprising optional spaced radial teeth 41 
which provide additional support for the vane elements 13 in 
areas above the vane slots 32 cut into the rotor cylinder. 
Between every other pair of said teeth 41 a contoured 
arcuate vane slot 32 is machined radially into the rotor to 
receive a relatively thick vane element 13 having an axial 
length similar to the length of the teeth 41 and of th.e central 
vane area 40 so that each vane 13 occupies only the central, 
deep area of each arcuate or contoured slot 32, and the 
outwardly-tapered extremities 31 of each slot 32 are open 
beneath the adjacent undersurface areas of the manifold 
bearings 15 and 16. Moreover the contoured seat areas 42 of 
each slot 32 are raised stop areas between deeper well or 
floor areas 43 to provide undervane areas or cavities 33 even 
if the contoured undersurface 13a of the vanes 13 (shown in 
FIG. 4) is depressed into contact with the raised seat recesses 
42. 

As can be noted, the undervane regions and cavities 33 are 
open at slot areas 31 directly to inlet pressure when each 
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vane element 13 is in the inlet arc, and directly to discharge 
pressure when each vane element 13 is located in the 
discharge arc region. In this manner, the vane loading in the 
inlet and seal arcs is held to very tolerable levels since the 
vane loads are achieved primarily through dynamic forces. 
Within the seal arcs, the transition region between inlet and 
discharge (and vice-versa), each vane 13 normally would 
experience a different pressure on each side of it, resulting 
in intermediate overvane forces which must be counteracted. 
However, scaling arc ports 52 are provided in the inner 
diameter walls of die bearings 15 and 16, between the inlet 
and discharge arc zones, which communicate through axial 
relief pressure passages 30 in the bearing walls with a fluid 
source at an intermediate pressure level, approximately 
halfway between inlet and discharge pressures, as shown by 
FIQ. 4. 

Prior-known vane pumps utilized discharge pressure 
under the vanes to assure that the vanes properly tracked the 
cam surface in all areas of operation. That approach was to 
assure that the vane trajectory followed the cam contour. The 
resulting high forces, especially in the inlet arc, yielded a 
propensity for wear at the tip of the vanes. The present 
invention utilizes the resident pressure in the inlet and 
discharge arc areas or zones and a regulated intermediate 
level of pressure in the sealing arc areas or zones to provide 
a balancing pressure under the vanes. This assures that each 
vane element 13 will always track the continuous cam 
surface 14fl on an elasto-hydrodynamic film, thereby assur- 
ing long life at the vane tip wearing surfaces. Vane speeds 
(pump RPM) are held at levels which provide sufBcient 
residence time to assure that the vane trajectory will prop- 
erly track the cam surface. 

In the inlet and discharge arc, shown in FIG. 3, the 
overvane and undervane pressures are equal. In the seal arc 
where the overvane sees inlet pressure on of its tip and 
discharge pressure on the other half of its tip, the 
undervane cavity 33 is ported to a servo piston chamber 
which is at approximately Vt discharge pressure. Thus the 
vanes 13 are pressure balanced or floated throughout the 
entire revolution, thereby reducing centrifugal stress forces 
and wear at the interface between the rounded vane element 
surfaces and the continuous surface 14a of each cam ele- 
ment 14, enabling the use of thicker, stronger vane elements 
and producing elasto-hydrodynamic lubrication at said inter- 
face. 

The mgged, one-piece cam element 14 of FIGS. 2. 3 and 
5 is machined from a solid ingot, such as of high vanadium- 
content tool steel alloy. The cam element is banjo-shaped, 
having a circular axial bore or cam chamber in the middle 
for containment of the central vane area 40 of the vaned 
rotor section, a pivot shaft or pin 34 at the top which 
provides the fulcrum for the variability feature, and an 
extension 44 at the bottom which provides a lever for 
exerting adjustment force to vary the displacement. A gen- 
erous chamfer bevel or slot 28 exists within the inlet arc on 
both cam faces to facilitate the introduction of the fuel into 
the expanding vane buckets 29. 

The pivot pin or shaft 34 is a simple cylinder, made of any 
suitable high strength alloy such as high vanadium content 
tool steel alloy coated with titanium nitride, which engages 
a cam pivot notch and a seat in the housing section 20. 

An important feature of the present cam elements 14 is the 
continuous smooth cam surface 14a, shown in FIG. 3, which 
is made possible by the axial fuel delivery and discharge 
means of the present pump assemblies. Prior-known vari- 
able displacement pumps contain interruptions in the cam 



01/27/2003, EAST Version: 1.03.0007 



5,545,014 



10 



surface, such as radial inlet and discharge ports or a variable 
displacement parting line between cam sections which, 
however refined in edge treatment, are bound to cause 
irregularities in the operation of the vanes. In the case of 
two-piece vanes, necessitated by brittle material, special 5 
precautions had to be taken to assure that the vanes do not 
tilt into the openings, thereby causing destructive wear. The 
present pumps utilize an unbroken continuous cam surface 
14a which provides uniform support of the vane elements 13 
throughout their travel. This, coupled with the balancing of 
the undervane and overvane pressures and the clastohydro- 
dynamic lubrication of the vane/cam interface, substantially 
reduces wear and increases the lifetime of the present pumps 
and components. 

The present rotors 12, shown in FIGS, 5 and 8, differ 
substantially from prior known vane rotors since the latter 
have straight line, flat-bottom vane slots, parallel to the rotor 
axis, extending through sideplates, and require sideplates 
with undervane communication grooves and other features 
which necessitate the use of small-diameter journal shafts. 
Such shafts cannot withstand the opposed inlet and outlet 20 
forces of a single action pump and necessitate the incorpo- 
ration of two opposed inlet and outlet stages for double 
action balance. The journal ends 12a and 12b of the present 
rotors are hefty, large diameter journals. Furthermore, the 
massive characteristic of the rotor 12 eliminates the struc- 25 
tural weakness associated with vane slots being too close to 
the internal drive spline in prior known pumps. The strength 
of the rotor element 12 is complimented by the hefty nature 
of the identical manifold bearings 15 and 16 which rotatably 
receive and support the journal ends 12a and 12^ of the rotor ^0 
12. 

As shown most clearly in FIGS. 6 and 7, the manifold 
bearings IS and 16, are unitary machined elements incor- 
porating the functions of a journal bearing, a face bearing 
and a sideplatc. The bearings are designed for rugged, 
infinite life operation. The bearing material can be ductile 
leaded bronze alloy or a suitable equivalent. The bearing 
faces and inner diameter surfaces are treated with indium 
plating and dry film lubricants. 

Each bearing face, which contacts a face of the cam 
member 14, comprises an inlet arc section 27, comprising 
about one-half of each face, an outlet or discharge arc 
section 45, comprising a wide angle of less than 180 degrees 
and transition seal arc areas between the inlet arc and 
discharge arc section, comprising angles such that the sum 
of the discharge arc and the two seal arcs is 180 degrees. 

Referring to FIGS. 6 and 7, the bearing faces are 
machined or sculpted to provide an inlet half section 27 and 
a seal/discharge half section 46. The inlet half section 27, or 50 
180° section, comprises radial face inlet recesses 47, cut 
between stand-off radial face portions 48, providing inlet 
recesses to inlet ports 49 opening into a arcuate common 
chamber 50 beneath the face of the inlet arc surface 27, 
which opens to the inner-diameter surface of the bearings 15 55 
and 16. The stand-off radial face portions 48 of each bearing 
contact a face of the cam member 14, as does the face of the 
seal/discharge half 46, to assure uniform bearing strength for 
the loads associated with interaction with the cam member 
14. 60 

Each bearing 15 and 16 has a face portion of increased 
diameter, compared to the remainder of the bearing, thereby 
providing a flange or shoulder 62 against which a spring- 
loading means can be biased to pressure-load the bearing 
faces against the opposed cam faces with sufficient force to 65 
prevent leakage of the pressurized fuel from the cam cham- 
ber. 
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As can be seen from the fuel flow illustration in FIG. 1, 
the outer extremities or extensions 31 of the vane slots 32 
extend beyond the cam member 14, at each side thereof, and 
underiie the inner diameter surface of a bearing 15 or 16 so 
as to open the undervane areas 33 of the vane slots 32 to the 
inlet chamber 50 at the inlet side of the bearings 15 and 16. 
Also, the recesses 47 of each bearing face communicate with 
an undercut slot 28 on an opposed face of the cam member 
14, and with an inlet passage 36, to admit inlet fuel into the 
inlet buckets 29 or overvane areas, as illustrated by FIG. 4. 

Rotation of the rotor-vane pump moves each expanding 
inlet bucket 29 into axial opposition to the seal/discharge 
half 46 of the bearing faces where the overvane bucket areas 
move past the open inlet recesses 47 and over the closed seal 
arc face 51 which isolates the bucket areas from the inlet 
conduits but opens the undervane areas to an intermediate 
pressure fluid supply through the seal arc port 52 which 
communicates with the vane slot extensions 31 at the inside 
surface of each bearing 15 and 16. Ports 52 open to isolated 
axial passages 30 (FIGS. 4 and 5) within the bearings which 
communicate with a source of fluid at regulated pressure, 
intermediate the inlet and discharge pressures. However, 
eyelet cuts 53 are placed in the sealing arc face 51 to assure 
that the vane buckets within the sealing arcs cannot undergo 
unvented compression. This assures that the undervane areas 
33 of the vane slots 32 are held within pressure limits during 
the period of time that the vane buckets pass through the 
intermediate regions between the inlet pressure and the 
discharge pressure arcs. 

Continued movement of the vane buckets over the face 54 
of the discharge arc section 45, shown between broken lines 
in FIG. 7. opens the compressed buckets 29a to discharge 
ports 55 in face 54 as the buckets undergo compression due 
to the eccentric, non-concentric axial position of the cam 
member relative to the rotoi/vane pump enclosed within the 
cam member 14, as illustrated by FIG. 3. The discharge ports 
55 are inlets to a common internal discharge chamber 56 
having discharge outlet ports 57 in the outer diameter wall 
of the bearings 15 and 16 and having a common vane slot 
dischaige port 58 in the inner diameter waU of the bearings 
to admit undervane pumping fluid discharge from the under- 
vane areas 33 through the vane slot extensions 31, as shown 
in FIGS. 1, 5 and 7. As illustrated by FIGS. 1 and 7, the outer 
diameter discharge outlet ports 57 open radially outwardly 
to discharge passages 37 and conduits 38 and 39 in the 
housing to deliver the fluid or fuel at elevated discharge 
pressures to an engine, hydraulic system or other desired 
destination. The discharge ports 55 in face 54 are open 
axially to the contracting vane buckets 29a during their 
compression to admit the vane bucket volumes of the 
pressurized fluid, while the inner diameter port 58 is open to 
the vane slot extensions 31 to receive the fluid wldch is 
pumped from the undervane areas 33 (FIG. 3). This may 
represent up to about 40% of the total amount of fluid being 
pumped. Fluid is pumped from the undervane areas in this 
manner as the vane elements 13 arc depressed into their slots 
32 to compress and displace the undervane fluid axially in 
both directions from the undervane areas 33, through the slot 
extensions 31, and into the inner diameter bearing ports 58 
to chamber 56 and outer diameter outlet ports 57. 

In summary, fuel enters the present pump assemblies 10 
through an external inlet flange and a cored passage which 
leads to the axial inducer 18 at the front of the boost stage 
17. The axial inducer imparts sufficient pressure rise to the 
fluid to eliminate poor quality effects associated with line 
losses or fuel boiling and assures that the main impeller, 
downstream from the inducer, will be handling non-vapor- 
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ous liquid. Angled slots in the impeller hub allow some of 
the flow to move from the front to the back side of the 
impeller. Hence, fuel passes radially outward through the 
vaned passages 26 on both sides of the impeller, subse- 
quently to be collected and diffused. The fuel leaves the 5 
pumping system through outlet 25 to pass through the 
engine heat exchanger and filter, subsequently to return, via 
a cored passage 36, to the main vane stage. Fuel enters a 
plenum around the main vane stage cam and is admitted, 
axially, to the expanding inlet vane buckets 29 through an 
undercut slot 28 on both side faces of the cam 14. Each vane 
bucket 29 then carries the fuel circumferentially into the 
dischatgc arc where the contracting bucket 29a squeezes the 
fuel axially outward into ports 55 cut into the face of the 
manifold bearings 15 and 16. The overvane bucket fuel is 
then discharged through chamber 56 and the bearing ports 
57 into a port 37 between the bearing 15, 16 and the housing 
19, 20 subsequently to be discharged to the engine through 
cored passages 38, 39 in the housing. The undervane fuel is 
discharged through the vane slot extensions 31 into the 
discharge chamber 56 through the inner diameter port 58 to 
contribute up to about 40% of the total fuel pumped through 
the outer diameter ports 57. 

The manifold bearings 15 and 16 receive lubricant and 
cooling flow through two sources. The high pressure dis- 
charge arc 45 of the vane pump provides a source of pressure 
to force fuel axially through the diametral clearance between 
rotor journals 12a and 12^ and bearings 15 and 16. This flow 
is managed through careful clearance control in addition to 
a set of labyrinth seals or grooves 59 (FIG. 7) cut into the 
outer surfaces of the bearing shells in the unloaded zone. 
Additional lubricant is admitted to bearing pressure pads in 
the bearing load zone at the inner diameter bearing surface 
from the high pressure plenum between the bearing and the 
housing. 25 

All of this bearing drain flow is gathered at the ends of the 
bearings furthest from the cam member 14. The drain 
drawing flow from the bearing at the drive end of the pump 
is directed through the main drive spline 22 to provide 
lubrication in that critical area. The drain flow for both 4Q 
bearings 15 and 16 is thus collected in one location at the 
boost end of the pump where it is returned, via cored 
passages 36 to the vane stage inlet. Some additional lubri- 
cant is permitted to flow from the boost end gathering point 
through the splines of the drive shaft 24 and ultimately 45 
drains to the area between the axial inducer and the impeller, 
this location chosen to assure that the hot drain flow cannot 
corrupt the capabilities of the boost stage 17. 

With reference to FIGS. 6 and 7, the journal bearings 15 
and 16 arc a "hybrid'* configuration incorporating the prin- SO 
ciples of both hydrodynamic and hydrostatic lubrication. A 
pressure>fed lubrication groove 59 is provided to feed the 
high pressure lubricant to the bearing. A pressure pad is 
formed from an axially Oriented groove 100 and a '*U" 
shaped groove 101. The axial groove 100 is supplied with ss 
high pressure lubricant through a feed hole 102 from the 
external groove 59 and its purpose is to provide spillover 
lubrication into the pad as well as provide a high reference 
pressure for increased load carrying capability. The "U" 
shaped groove 101 is supplied with high pressure lubricant 60 
through feed holes 103 and its purpose is to provide the high 
pressure reference around the remainder of the pad for 
increased load carrying capability. The grooves are not 
connected in order to assure that the spillover lubrication 
must occur and that the lubricant cannot be shunted through 65 
the U-groove away from the load zone. This hybrid con- 
figuration permits a lubricant film thickness which is sub- 



,014 

12 

stantially greater than that which could be achieved, under 
the same unit bearing loads, with a hydrodynamic configu- 
ration but which does not incorporate the high parasitic 
leakages which would occur with a pure hydrostatic bearing. 
The bearing drain pressure is referenced to boost stage 
discharge and thus assures sufi5cient ambient pressure to 
prevent bearing cavitation. 

The bearings 15 and 16 are carefully suspended to assure 
that they will retain intimate proximity with the cam face 
and will remain stable throughout the operating range for the 
pump*s entire operating life. One of the bearing blocks such 
as 15 is "grounded" within the housing and becomes the 
reference for the entire pump assembly. The cam 14 and the 
remaining bearing 16 are assembled relative to the bearing 
block 15. Springs load against the end of the bearing block 
16 which is furthest away from the cam 14 to assure intimate 
proximity of the three parts during initial start up. As fluid 
pressure is developed it applies force against the bearing 
flange 62 to increase the load of the bearing against the cam. 
A relief groove 101 allows low inlet pressure to bear against 
a substantial portion of the face of the bearing 16 which is 
adjacent to the cam 14» to help assure that pressure loads will 
tend to clamp the bearings 15 and 16 to the cam 14. 

One end of the main drive shaft 21 incorporates a male 
spline 22 which engages with the engine gear box and is 
lubricated with engine gear box oil. The opposite end of the 
shaft also incorporates a male spline 23 which engages a 
matching female spline in the main pump rotor 12. This 
spline is lubricated with fuel which is flushed through it as 
part of the internal flow schematic illustrated in FIG. 1. The 
boost stage drive shaft 24 engages the same female spline in 
the main pump rotor 12 while the opposite end of the boost 
shaft is spllned to engage the boost stage inducer section 18. 

All of the components of the present pumps are enclosed 
in cast aluminum housing sections 19 and 20. The main vane 
stage is grounded through the bearings 15 and 16 against a 
housing structure which is designed to be very rigid yet light 
in weight, thereby assuring that none of the components of 
the vane pim:ip cluster will become misaligned during high 
pressure operation. The housing material is selected for this 
application to be well suited for the fliel temperature range 
expected with a well established fatigue stress background. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives and 
modifications can be devised by those skilled in the art 
without departing from the invention. Accordingly, the 
present invendon is intended to embrace all such alterna- 
tives, modifications and variances which fall within the 
scope of the appended claims. 
What is claimed is: 

1. A durable, single action, variable displacement vane 
pump capable of undervane pumping comprising: 

(a) a cylindrical rotor member having journal ends and a 
central vane section comprising a plurality of radial 
vane slots uniformly spaced around the central circum- 
ference thereof, said vane slots being elongate in the 
axial direction and each having a central vane-support- 
ing portion surrounded at each end by slot extension 
portions; 

(b) a plurality of vane elements, each slidably-engaged 
within the central vane-supporting portion of a said 
vane slot for radial movement therewithin; 

(c) a unitary cam member having opposed faces and a 
circular bore therethrough forming a cam chamber 
having a condnuous interior cam surface, the central 
vane section of said rotor member being supported 
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axially and non-concentrically within said cam cham- 10. A vane pump according to claim 1 in which each 

bcr so that the outer tip surfaces of all of the vane bearing face also contains seal arc segments at transition 

elements make continuous contact with said continuous areas between the inlet arc and the discharge arc segments, 

interior cam surface during rotation of said rotor mem- said seal arc segments having a sealing face for isolating the 
ber, and said vane slot extensions project axially- 5 vane bucket areas from inlet and discharge pressures, and an 

outwardly beyond the faces of said cam member; inner diameter passage for opening the vane slot extensions 

(d) an opposed pair of manifold bearings rotatably sup- and undervane areas to a source of fluid at a regulated 

porting the journal ends of said rotor member and pressure intermediate said inlet and discharge pressures, 

overiying said vane slot extensions, each said bearing u. a vane pump according to claim 10 in which each 

having a bearing face surface which contacts a face tjea^ng face comprises an inlet arc of about 180°, a seal arc 

surface of said cam member and encloses the central of about 36*, a discharge arc of about IDS'* and a second seal 

vane-supporting portion of said rotor member within arc of about 36**. 

said cam chamber, each manifold bearing comprising 12. A vane pump according to claim 1 in which each said 
an inlet arc segment containing means for admitting vane slot contains a stop member which limits the extent of 
fluid to expanding vane bucket areas of the rotating 15 depression of the vanes into the vane-supporting portions of 
vaned rotor, and means for admitting fluid into said the slots and provides an undcrvaner area for pressure- 
vane slot extensions and undervane areas, and a dis- balancing and undervane pumping purposes. . 
charge arc segment containing means for discharging 13. a vane pump accorcfing to claim 12 in which said stop 
pressurized fluid from contracting vane bucket areas of member comprises a raised floor portion, adjacent a deeper 
the rotating vaned rotor and from undervane areas as 20 portion providing said undervane area, 
the vanes are depressed into the vane slots during 14. a vane pump according to claim 1 in which each said 
rotation through the discharge arc, manifold bearing has a bearing face surface comprising a 
said cam member being adjustable relative to said vaned major inlet arc segment, a minor discharge are segment and 
rotor to vary the extent of eccentricity therebetween for smaller seal arc segments as transitional segments spacing 
varying the displacement capacity of said vane pump. ^ said inlet and discharge arc segments, and passage means 
Z A vane pump according to claim 1 in which each face through each said bearing in said seal arc segments for 
of the cam member contains inlet means adjacent an arcuate communicating the vane slot extensions of the rotor member 
segment of the cam bore, corresponding to the inlet arc of ^jth a source of fluid pressurized to a predetermined inter- 
the bearing faces, to admit inlet fluid to the expanding vane mediate pressure. 

bucket areas. 15. A vane pump according to claim 14 in which the said 

3. A vane pump according to claim 1 in which at least one passage means through said manifold bearings in said seal 
of said manifold bearings further includes: arc segments are configured to produce substantially sym- 

an axial pressure groove having an inlet for pressure-fed metrical forces on said unitary cam member throughout the 

lubricant providing pressure bias for the rotor in the range of adjustment of said cam relative to said vaned rotor, 

incoming rotor direction; and a cooperatively posi- 16. A vane pump according to claim 14 further including 

tinned substantially U-shaped lubricating groove inde- a piston adjustment system for adjusting said cam relative to 

pendent of said axial pressure groove and having an said rotor, wherein said piston adjustment system is actuated 

axial base portion and transversely positioned leg por- by fluid pressure supplied by said source of fluid pressurized 

tions each having an inlet for pressure-fed lubricant; the to a predetermined intermediate pressure, 
said base portion being located in the outgoing rotor ^ 17. A vane pump according to claim 14 in which each said 

direction relative to said axial pressure groove. manifold bearing has a major inlet arc segment comprising 

4. A vane pump according to claim 1 in which said rotor a face surface having a plurality of relatively wide radial 
member comprises a cylindrical barstock of relatively-uni- inlet recesses spaced by a plurality of relatively narrow 
form diameter having journal ends of said diameter. stand-ofi" face members, said inlet recesses opening axially 

5. A vane pumping according to claim 1 in which said into a common inlet chamber having an undervane inlet port 
rotor member further includes depressions in the rotor at the irmer diameter of said bearing. 

surface between said radial vane slots which provide addi- 18. A vane according to claim 14 in which each said 

tional fluid volume to reduce the eflFecis of rapid pressure manifold bearing has a minor discharge are segment com- 

build-up during operation of the pump. prising a face surface having axial openings to a discharge 

6. A vane pump according to claim 1 in which said central chamber having an undervane inlet port at the inner diameter 
vane section comprises a plurality of radially-extending of said bearing and having a dischai;ge port at the outer 
teeth, adjacent pairs of said teeth being formed as wall diameter of said bearing for discharging pressurized fluid 
extensions of said vane slots to further support said vane from the vane pump. 

elements during their radial movement within the vane slots. 19. A vane pump according to claim 14 in which each said 

7. A vane pump according to claim 1 in which each said manifold bearing has a discharge arc segment in the face 
vane slot has an arcuate floor which tapers uniformly from surface thereof bearing axially against said cam, having 
the central maximum depth portion upwardly and outwardly relief openings to the exterior for reducing the total pressure- 
to said extension portions. induced force acting on said face, and said bearing further 

8. A vane pump according to claim 1 in which each vane comprises a flange shoulder surface, axially opposite said 
slot has a contoured floor and each vane element has an ^ face surface, that is subjected to pressure-induced force 
undersurface which is contoured to correspond with the greater than the pressure-induced force acting on said face 
contour of the floor of the vane slot. surface, for enhancing the seal between said cam and said 

9. A vane pump according to claim 1 in which each said manifold bearings, 
vane slot has an arcuate floor and the undervane face of each 

said vane is arcuate. ***** 
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[57] ABSTRACT 

A rotating shaft is supported by a fluid bearing and a 
rolling element bearing coupled in series. Each bearing 
turns at a fraction of the rotational speed of the shaft. 
The fluid bearing is preferably conical, thereby provid- 
ing thrust and radial load support in a single bearing 
structure. 

T.Claims, 3 Drawing Figures 
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HIGH SPEED HYBRU) BEARING COMPRISING A vantage of hybrid bearings of this design is their large 

FLUID BEARING & A ROLLING BEARING power losses compared with conventional ball bearing 

CONNECTED IN SERIES . which results from the relative inefficiency of the fluid 

ORIGIN OF THE INVENTION bearing. High power loss makes them unsuitable for 

S some applications. 

The invention described herein was made by employ- McNaughton et al. U.S. Pat. No. 2»872,254 discloses 

ees of the United States Government and may be man- a device similar in operation to these hybrid bearings, 

ufactured and used by or for the Government for gov- However, in contrast to the other prior art devices 

ernmental purposes without payment of any royalties which are concerned with high speed bearing applica- 

thereon or therefor. 10 tions, McNaughton's device is useful to achieve opera- 

BACKGROUND OF THE INVENTION ^^^^ ^ temperature range. This hybrid in- 

eludes a bail bearing element packed with a lubricant 

|. Field of Invention having a high viscosity at room temperature and a slid- 

The mvention is related to bearings, more specifi- ing element. Heat generated by the sliding element, 

cally. to a hybrid bearing in which a rotating shaft is. 15 which initially supports the shaft, decreases the viscos- 

supported by a fluid film bearing and a rolling element ity of the bail bearing lubricant and causes the sliding 

bearing coupled in series in a manner that each turns element to lock, thus transferring the rotation to the 

at a fraction of the shaft speed. ball bearings. If the sliding element does not rigidly 

2. Descnpuon of the Prior Art lock, some speed sharing between the bearings occurs; 

Recent developments in gas turbine engines— such as 20 however, it is minimal, uncontrolled and unpredictable, 
higher thnist-to-weight ratios, advanced compressor Composite bearings in which the load is shared by the 
design, high temperature materials, and increased various bearing elements connected in parallel are also 
power output— have necessitated larger: shaft diame- known. In this arrangement each of the bearing de- 
ters and higher main shaft bearing speeds for future en- ments turns at the shaft speed. Some increase of bear- 
gme designs. For example, bearings in current produc- 25 ing life is attained through load sharing, but at high DN 
tion aircraft turbine engines operate in the range from values. This is less than that attained through speed 
1.5 to 2 miUion DN (bearing bore in mm times and sharing. Examples of parallel composites are disclosed 
shaft speed m rpm). However, engine designers antici- in U.S. Pat. Nos. 2,875,001; 3,065.036; 3,301.61 1 and 
pate that turbine bearing DN values will have to in- 3.305;280. 
creasetotherangeof 2.5 to 3 million in the near future 30 

and further developments may require bearing DN val- SUMMARY OF INVENTION 

ues as high as 4 million after 1980. An object of this invention is therefore to provide a 

These higher values create significant wear problems bearing containing a rolling element in which fatigue 

smce when ball bearings are operated>t DN values life is substantially increased while maintaining a level 

above 1.5 miHion, centrifugal forces increase Hertz 35 of power loss no greater than that of an equivalent con- 

stresses at the outer-race baU contacts and seriously ventional rolling element bearing, 

shorten , bearing fatigue life. At typical aircraft thrust A second object of this invention is to reduce the 

loads carried by bearings, such as 2,000 and 4,000 stresses on the outer race contacts of a rolling element 

pounds, an increase from a DN of 1.8 miUion to 4.2 bearing caused by centrifugal forces generated at high 
million results in a reduction in life of 98 and 96 per- ^ shaft speeds. 

cent, respectively. Another object of this invention is to provide a corn- 
Many attempts have been made to reduce the centrif- posite bearing in which each bearing rotates at a frac- 
ugal forces and thus increase the life of high speed tion of the shaft speed. 

bearings. One method of accomplishing this result is to A further object of this invention is to provide a corn- 
decrease the mass of the rolling elements by using hoi- posite bearing composed of a fluid film bearing and a 
low or drilled elements. The technique has resulted in roiling ielement bearing connected in a manner that the 
improving fatigue life by a factor of 2.5 at a DN of 3 inner race of the latter bearing rotates at less than the 
million and thrust load of 4,000 pounds. shaft speed. 

A second technique for diminishing centrifugal A stUI further object of this invention is to provide a 

forces utilizes hybrid bearings to eliminate the use of composite bearing which will support both radial and 

rolling bearings at high speeds. These bearings geher- thrust loads. 

pUy contain a rolling element bearing and a fluid bear- .. These and other objects are accomplished by provid- 
ing. The former is used for starting, stopping and low ing a composite bearing which comprises a fluid film 
speed operation when centrifugal forces are mmimal. . bearing and a roDing element bearing connected in se- 
The latter, operates only at high speeds. Various devices ries in a manner which reduces the orbital speed of the 
arc used to achieve this alternate operation. A clutch rolling element by decreasing the speed of the inner 
activates a fluid bearing in Banerian U:S. Pat. Nos. race of the rolling element bearing to a fraction of the 
2.986,430 and 3,058.786. Centrifugal force disengages shaft rate, this is accomplished by connecting the first 
ball bearings iii Hiattet al; U.S. Pat. No. 3.360.3 10 and element of the fluid fibn bearing to a shaft and the sec- 
Marchand U.S. . Pat.. No. 3.026.154. Goetz U.S. Pat. ond element to the inner race of the rolling element 
No. 3.012.827 lUustrates the use of ball bearings to sup- bearing in a mianner that the latter two elements rotate 
port a rotating shaft before a gas bearing begins its sup- at the same speed. The outer race of the rolling element 

bearing is mounted on a stationary housing. In the con- 
The pnor art hybrid bearing significantly increases text of this appUcatibn the inner race is defined as the 
beannglife since the rolling element bearing ceases to one attached to the fluid bearing element; the outer 
operate at the higher shaft speeds when the entire rota- race as the one attached to a stationary support In op- 
tional load is supported by the fluid bearing. A disad- eration the first element turns at the full shaft speed 
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and the second element and the inner race rotate at a 10 of the roller bearing is mounted in the groove 9 con- 
slower rate. tained on the second element of the fluid bearing. The 
Since the DN value is a function of bearing bore and outer race 11 is mounted on a stationary housing 13. 
shaft speed, it is clear that its value is not decreased by The fluid bearing may be lubricated by any conven- 
the hybrid bearing of this invention. However, it is 5 tional means. In the device illustrated in FIG. 1 a jet 15 
equally clear that the fatigue life of the bearing will be guides oil into an opening 16 in the shaft 3. The oil 
mcreased because the speed of the rolling element in flows through a canal 17 to a lubricant supply orifice 
this bearing is less than the speed of the rolling element 18 and then flows between the bearing elements. Cen- 
in a conventional roller bearing at a given DN. The trifugal forces generated by the rotation of the shaft 
benefits of the invention are illustrated by comparing 10 pumps the oil to the bearings. Alternatively, the fluid 
fatigue life improvement obtained with a hybrid bear- bearing can be lubricated independently of the roUtion 
ing using a ball bearing, assuming a 30 percent reduc- of the shaft. 

tion in roller element speed, with that of hollow ball A rotating shaft which is joumaled in the hybrid bear- 
bearings. At a 4,000 pound thrust and DN values of 3 ing of the present invention is initially supported only 
and 4 million bearing life should theoretically improve 15 by the rolling bearing. That is, the inner race of the roll- 
by a factor of 3.2 and 5.7, respectively, over that of ing bearing rotates at the full shaft speed. As shaft 
conventional bearings using solid balls. In contrast speed increases, sufficient lubricant pressure is built up 
under the same conditions fatigue life using hollow to start the fluid bearing rotating. At this point the 
balls was improved only by a fector of 2.5 and 4.2. The inner race speed drops abruptly, indicating that the 
theoretical values for the bearings of this invention 20 fluid bearing is now rotating at a portion of the shaft 
were obtained by comparing fatigue life values for solid speed. The inner race and the second fluid bearing ele- 
ball bearing with those obtained at a DN of 30 percent ment are then rotating at the same rale which is less 

than the shaft speed. 

DESCRIPTION OF THE DRAWINGS ^ graphically illustrates the operation of the sub- 

25 ject invention under 100 and 300 pound thrust loads, 
FIG. 1 illustrates a cross section of the composite where point A designates the lift off of the fluid bear- 
bearing of this invention; ing. In the figure the dashed line iUustrates that in a 
FIG. 2 IS a cross section of the antifriction element of conventional ball bearing the inner race speed is the 
the subject invention wherein the rolling element is a same as the shaft speed. It can be seen that at low shaft 
combination roller and ball bearing; 30 speeds the hybrid bearing of this invention operates 
FIG. 3 graphically illustrates the speed sharing char- similarly to the conventional bearing. (Of course this is 
acteristics of the present invention. not true if the fluid bearing is pressurized.) However, 
DESCRIPTION OF THE PREFERRED when sufficient shaft speed is attained the fluid bearing 
EMBODIMENTS ^"^ ^^^^ ^P^^^ drops. Note that the 

liftoff speed is higher for the 300 pound load since 
FIG. 1 illustrates the subject invention which com- higher fluid pressures are necessary to float the fluid 
prises a fluid film bearing 1 and a rolling element bear- bearing. It is clear from these curves that the inner race 
mg 2 connected in series journaled to a rotating shaft speed of the ball bearing of the hybrid bearing is less 
3. The fluid bearing is of the conventional type and. than those in conventional ball bearings for the same 
comprises first and second elements 4 and 5 containing shaft speed. This decrease results in significant in- 
first and second opposed surfaces, 6 and 7, respec- creases in bearing fatigue life, 
tively. As in conventional fluid bearings sufficient I claim: 

clearance is provided between the surfaces to permit 1. A hybrid bearing comprising 

the second surface to float and slide freely on a fluid a fluid film bearing comprising first and second ele- 

film maintained between said first and second surfaces. • ments 

The surfaces may be parallel or perpendicular to the first and second substantially parallel and opposed 

axis of the journaled shaft. In the former configuration surfaces on said first and second elements respcc- 

the bearing will support only radial loads; only thrust tively, and 

loads will be supported in the latter case. Alternatively. a rolling element bearing including an inner and an 
the bearing may have four surfaces, two aligned paral- ^" outer race, one of said races being mounted on said 

lei to the axis and two perpendicular, thus supporting second element whereby said rolling element bear- 

axial and thrust loads. This dual support function can ing is connected in series with said fluid bearing so 

also be accomplished in the preferred arrangement that said second clement rotates at a fraction of the 

shown in FIG, 1 wherein the two bearing surfaces are speed of said first element when the driving torque 

conical in shape having their apex at the shaft axis. through said fluid film bearing equals the restrain- 

The first bearing element has a central hole for jour- ing torque of said rolling element bearing, 

naling. The second contains a means for mounting the 2. A hybrid bearing according to claim 1, wherein 

inner race of the rolling element bearing. In nO. . 1, this said fluid film bearing surfaces support both radial and 

means is shown as a groove 9. axial loads. 

The rolling element bearing is composed of a first 3. A hybrid bearing according to claim 2, wherein 

and second race, 10 and 1 1, respectively, having a plu- said fluid film bearing surfaces are conical in shape 

rality of rolling elements 12 between them. In FIG. 1, 4. A hybrid bearing according to claim 1, wherein 

the rolling element is shown as a ball bearing, however, said rolling element bearing is a ball bearing, 

any conventional roller or ball and roller combination 5. A hybrid bearing according to claim 1, wherein 

bearmg can also be used. In FIG. 2, a combination said rolling element bearing is a combination ball and 

roller element bearing containing ball and roller ele- roller bearing, 

ments 13 and 14, respectively, is shown. The inner race 6. A hybrid bearing comprising 
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a rotatable first element having a first smooth surface 
thereon, 

a second element having a second smooth surface 
aligned in a substantially parallel and opposed rela- 
tionship with said first smooth surface, 

means for forming a fluid film between said first and 
second surfaces, 

an inner race secured to said second element remote 
from said second surface, ' 

a. fixedly mounted outer race surrounding said inner 
race in spaced relationship, and 



a plurality of rolling elements interposed between 
said inner and outer races so that when the driving 
torque through the fluid film equals the restraining 
torque of said rolling elements the second element 
5 rotates at a constant speed which is less than the 
rotational speed of said first element. 
7. A hybrid bearing according to claim 6, wherein 
said substantially parallel opposed surfaces are conical 
in shape having their apices at the axis of rotation of 
10 said bearing. 

* « * * * 
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[57] ABSTRACT 

A compound journal airbearing having a sleeve concen- 
tric with a rotor and having an inner surface forming an 
airbearing space with the surface of the rotor so as to 
maintain the rotor surface and inner sleeve surface out 
of contact. The sleeve is supported at each end by the 
inner race of a bearing whose outer periphery is sup- 
ported by contact with the interior surface of the stator 
housing. Pressurized air is supplied to the airbearing 
space by a passage leading from an air supply through 
the wall of the stator and sleeve to the airbearing space. 
The airbearing surface can be shaped to provide both 
radial and axial support For this purpose, the airbearing 
surfaces may be either concave or convex toward the 
axis of the rotor. Catastrophic failure that would occur 
with construction of the prior art due to inadvertent 
contact of rotor and stator surfaces (collapse of the 
airbearing film) is avoided because the sleeve is able to 
turn when inadvertent touchdown occurs. 

7 Claims, 2 Drawing Sheets 
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ally passing through the filtering system into the air- 

SUP RING AIR BEARING bearing space. 

In order to minimize the damage due to the crashes, 

BACKGROUND airbearing surfaces are made that are very hard. Sur- 

1. Field of the Invention: ^ faces that are used arejhard aj^^^ 

This mvention is related to journal air bearings and m (case) hardened steel. The problem here is that 

particular to an air bearing having a slip ring construe- preparation of these surfaces is costly and cntical. Fur- 

tion that minimizes the problem of galling between the thermore, when crashes occur mvolvmg these surfaces, 

air bearing surfaces. relapping that is necessary often "breaks through" 

2. Prior Art: hardened surface layer and the parts must be re- 
Journal air bearings are bearings comprising a cylin- treated or discarded. 

drical rotor enclosed by a stator (or housing) in which Another approach to minimize.damage due to a crash 
the surface of the rotor is supported out of contact with has been to install a rektively expensive braking system 
the interior surface of the stator by a pressurized air that stops the rotation within a period of one revolution 
film. The air film is the lubricant for the bearing and of the beginning of a crash. The latter remedy is obvi-* 
therefore a major advantage of this construction is the ously not effective by definition, 
low frictionai loss that is associated with the bearing. A THE INVENTION 
second advantage is the minimal transmission of vibra- 
tion from the stator to the rotor. Journal air bearings are OBJECTS: 
therefore used in appUcations where elimination of vi- 20 ^ ^^^^^^ invention to provide a journal air 
bration is very important such as to support the spmdles bearing whose construction prevents "crashing'\ 
of latches or grinders used to manufacture substrates for ^ ^ f^^^ object that intermittent touching of the 
memory disks. Journal air hearings may be designed to ^ ^^^^^ ^^is construction will not lead to 
support the rotor m both the radial and axial directions. ^j^^ ^^^^^ and galling of the airbearing surfaces; 
Axial support is provided by a flange on each end of the 25 ^^^^^^^ ^^^^^.^^ incorporate a 
rotor that is parallel and in close proximity to astation- ^^^^^ ^^^^^^ construction of the bearing 
ary flange on each end of the stator. The interface be- ^^^^ ^^^^ ^ reconstruction and repair of 
tween the rotor and stator flanges is an airbearmg space, . 'jt. 

uii«.tv^ Kj V. ^ . . 1. crashed air beanngs such as are required by the con- 

wherem pressurized air is supphed through a passage ^ . r • 

leading from a source of pressurized air, through the 30 structions of the pnor art 

wall of the stator and opening into the airbearing re- SUMMARY: 

gion. Other constructions are also used to provide _ . . ^--j-^j* -i - i-u 

heater support depending on the appHcation These . ^his mvention is directed toward a journal air bear- 

constructions include spherical interfaces which in one haynngji sleeve that encloses a rotor wherein the 

case is convex toward the axis of the bearing and in 35 adjacentsurfacesof rotor and sleeve are ma^ 

another case is concave toward the axis of the bearing. ^^^f^^ ^ airbeanng film and the sleeve is sup- 

In another construction, the rotor is tapered. PO^ed m a housing that permits the sleeve to turn when 

The performance of any air bearing depends on the ^^ere is the shghtest rotational drag on the sleeve such 

distribution of pressure and pressure gradients in the air ^s might occur with intermittent contact of the sleeve 

bearing space. These distribution patterns are estab- 40 rotor. 

lished by shallow grooves m the surface of the stator '^^ embodunent, the sleeve is supported at each 

bounding the air bearing space and lead from the prox- end by the inner race of a bearing which is supported in 

imity to the entry of the air passage into the airbearing turn at its periphery by .contact with the interior surface 

space to various areas of the interface. a (stator) housing. A passage through the housing 

For a detailed discussion of the prior art, reference is 45 supplies pressurized air to the air bearing area, 

made to "Hydrostatic and Hybrid Bearing Design" by In another embodiment, the sleeve is supported 

W. B. Rowe, published by Butterworth & Co., Univ. within the cylindrical cavity of the housing by an "0** 

Press, and available m the Library of Congress, ring on each end of the sleeve. In this construction, 

TJ1073.5.R69 1983. lubricant may be supplied to the interface between the 

A major problem with journal air bearings is their 50 adjacent surfaces of the sleeve and interior surface of 

susceptibility to "crashes". A "crash" is the term ap- the housing. 

plied to a situation where, for one of a number of rea- For some applications, axial support of the bearing is 

sons, oftentimes a speck of dirt, momentary contact presented by constructions at the end of the rotor that 

between the airbearing surfaces occur leading to col- are unassociated with the bearing. In such situations, a 

lapse of the air film, severe galiing of the two surfaces 55 sleeve having a cylindrical interior surface may be used, 

moving in frictionai contact with one another and sud- However, other shapes of the sleeve may be used to 

den "freezing" of the rotor. When a crash occurs, the provide axial support. For example, the airbearing sur- 

rotor must be removed from the stator, the surfaces face may be either concave or convex toward the axis of 

lapped and polished, and the bearing reassembled. Usu- the rotor. 

ally the lapping must be performed by the manufacturer 60 Since the airbearing surfaces are out of contact with 
of the air bearing so that considerable time and effort is one another and since the drag on touchdown results in 
expended. negligible damage, materials having properties that 
The traditional approach to avoiding crashes has occur in a wide range can be used to construct the rotor, 
been to pump very clean (filtered) air through the air sleeve and stator. For example, a preferred surface for 
bearing. Filters are normally designed to prevent only a 65 the cylindrical interior of the housing is a hardened 
fraction of particles larger than a given value from surface such as nitrided steel or hard anodized alumi- ' 
passing. Therefore the problem persists because it is num. Hard anodized aluminum has a naturally occur- 
virtually impossible to prevent particles from eventu- ring porous surface that can be impregnated with agents 
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such as TEFLON plastic (fluorocarbon) so as to sub- 
stantially reduce the coefHcient of friction of the suf- 
face. The rotor may be made of a similar material. 

The sleeve may be made of a material that has a low 
coefficient of friction and resists damage from adhesive S 
wear that can occur from incidental contact by the 
rotor. If a relatively large air bearing spacing is to be 
used, which is the case when a large flow of air through 
the bearing can be permitted, dimensional stability and 
machining tolerance of the sleeve are not so critical and 10 
relatively soft materials such as polyvinyl chloride or 
phenolic can be used, such materials may absorb a for- 
eign particle in the airbearing region and thereby avoid 
galling experienced with harder materials of the prior 
art. When only a small current of air is available requir- 15 
ing close machine tolerances, the sleeve may also be 
made of a hard material such as anodized aluminum 
with a surface having a low coefficient of friction as- 
discussed above. 

DRAWINGS: ^ 

FIG. 1 shows a cross sectional view of the slip ring 
airbearing of this invention featuring bearing support of 
the slip ring. 

FIG. 2 shows a cross sectional view of the slip ring 25 
airbearing of this invention featuring "0** ring support 
of the slip ring. 

FIG. 3 shows a cross sectional view in which the air 
bearing surfaces are convex toward the axis of the rotor. 

FIG. 4 shows a cross sectional view in which the air 30 
bearing surfaces are concave toward the axis of the 
rotor. 

FIG. 5 shows a cross sectional view in which the 
airbearing surfaces are tapered. 

FIG. 6 shows a cross sectional view in which axial 35 
support to the rotor is provided by a flange on each end 
of the rotor. 



DESCRIFTION OF A PREFERRED 
EMBODIMENT: 



40 



The following detailed description illustrates the 
invention by way of example, not by way of limitation 
of the principles of the invention. This description will 
clearly enable one skilled in the art to make and use the 
invention, and describes several embodiments, adapta- 45 
tions, variations, alternatives and uses of the invention, 
including what I presently believe is the best mode of 
carrying out the invention. 

Turning now to a detailed discussion of the drawings, 
there is shown in FIG. 1 a cross sectional view of the 50 
slip ring airbearing of this invention. There is shown a 
rotor 10. A cylindrical sleeve 12 is positioned concentri- 
cally on the rotor 10. The sleeve 12 has a concentric 
shoulder 14 on each end. A bearing 16 is pressed onto 
each shoulder 14. The bearings are supported inside a 55 
stator 18 (housing enclosing a cylindrical cavity) so as 
to define an air passage space 19 between the outer 
surface of the sleeve and the inner surface of the stator. 
An air passage 20 conducts pressurized air from an air 
supply (not shown) through the wall of the stator 18 to 60 
air space 19. Air- then passes from the airspace 19, 
through a plurality of radial channels 22 in the sleeve to 
the airbearing area 24 between the surface of the rotor 
and the inner surface of the sleeve. Grooves (not 
shown) in the interior surface of the sleeve establish the 65 
pattern of pressure and pressure gradients over the 
surface of the airbearing space. The required distribu- 
tion of pressure depends on the application of the bear- 



ing and comprise, variously, recesses in the vicinity of 
the entrance of the air passage, grooves extending from 
the air passage entrance to the edge and around the 
edge of the airbearing space, etc. The procedure for 
determining the most effective layout of grooves is well' 
known to those skilled in the art and is thoroughly 
discussed in the reference cited in the prior art. 

Other means of supporting the sleeve may be selected 
other than a ball bearing. As illustrated in FIG. 2, an 
**0" ring 26 may be used on each end of the sleeve in 
place of the bearings and/or the interface between the 
sleeve and stator housing may be lubricated. 

In FIGS. 3, 4, 5 and 6, constructions are shown which 
provide axial support to the rotor. In each fig. like num- 
bers identify like parts. In FIG. 3, the airbearing space 
between the rotor and internal surface of the sleeve is 
convex toward the axis of the rotor. In FIG. 4, the 
airbearing space between the rotor and sleeve is con- 
cave toward the axis of the rotor. In FIG. 5, the air 
bearing space between the rotor and sleeve is tapered. 
In FIG. 6, a flange 4 on each end of the rotor forms an 
air bearing interface 29 with a surface of a stationary 
flange 31 on each end of the stator. 

A preferred material for construction of the rotor and 
stator housing is aluminum having a hard anodized 
surface or steel having a nitrided surface. The material 
for fabricating the sleeve depends on the end use. For 
precise positioning of the rotor where the separation of 
the airbearing surfaces is less than 0.0005", the sleeve 
may be fabricated from aluminum and have a hard an- 
odized surface. Another choice would be steel having a 
nitrided surface. If the airbearing space is designed to be 
large, then the material may be a plastic such as fiber 
glass filled epoxy. 

The embodiments described in the foregoing para- 
graphs illustrate the means by which the objects of this 
invention are met. The slip ring construction is effective 
in avoiding the problem of "crashing" experienced with 
air bearings of the prior art. The construction is amena- 
ble to easy replacement of the sleeve when that is re- 
quired. 

It should be understood that various modifications 
within the scope of this invention can be made by one of 
ordinary skill in the art without departing from the 
spirit thereof. It therefore with my invention to be de- 
fined by the scope of the appended claims as broadly as 
the prior art will permit, axid in view of the specification 
if need be. 

I claim: 

1. A journal air bearing to support a rotor having an 
axially symmetric surface, said bearing comprising: 

a sleeve having two ends and an inner and outer 
surface concentric with said rotor; 

said inner surface defining an air bearing space with 
said rotor surface; 

a stator having a stator wall which defines a chamber 
having a surface enclosing said sleeve; 

a ball bearing on each said sleeve end having an outer 
surface in supporting contact with said chamber 
surface and an inner surface in supporting contact 
with said said outer sleeve surface defining a closed 
space between said chamber surface and said outer 
sleeve surface; 

said airbearing space supplied by pressurized air firom 
a supply of air through a passage leading from said 
pressurized air supply, through said stator wall and 
said sleeve, to said airbearing space. 
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2. A journal air bearing as in claim 1 wherein said 
inner sleeve and rotor surfaces are convex with respect 
to the axis of said rotor to provide both radial and axial 
support to said rotor. 

3. A journal air bearing as in claim 1 wherein said 
inner sleeve and rotor surfaces are concave with respect 
to the axis of said rotor to provide both axial and radial 
support to said rotor. 

4. A journal air bearing as in claim 1 wherein said 
inner sleeve and rotor surfaces are cylindrical. 

5. A journal air bearing as in claim 1 wherein said 
inner sleeve and rotor surfaces are tapered. 



10 



6, A journal airbearing as in claim 1 which further 
comprises a flange attached to each end of said rotor 
and a flange fixed to each end of said sleeve, all flanges 
being perpendicular to said rotor axis thereby defining 
an airbearing space between each said flange attached 
to said rotor end and each said flange attached to said 
said sleeve end respectively wherein all said airbearing 
spaces communicate with said passage supplying pres- 
surized air. 

7. A journal airbearing as in claim 1 whereui said 
sleeve is a plastic. 
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BUsmNr unu nn mjAA qitaotki/^ rectangular in configuration. The ends of the recesses 

BUSHING FOR OIL FILM BEARING are feathered as at 46, whereas the bottom 48 and side 

BACKGROinsm OF THE TMVcxrrirxM ^^"^ ^® mutually perpendicular and thus define 

BACKGROUND OF THE INVENTION sharp bottom comers 52. The side walls 50 are perpen- 

1. Field Of The Invention 5 dicular to the bearing surface 20 to thereby define sharp 
This invention relates to an improvement in oil film ^op edges 53. 

bearings of the type employed to rotatably support the With this type of arrangement, as the oil emerges 
journal surfaces of roll necks in a rolling mill. from each recess 40 to hydrostatically form the oil film 

2. Descnption of the Prior Art 34, it encounters very high resistance and thus experi- 
Xn the typical roUmg mill application of an oil film *0 ences a significant pressure drop as it is forced in the 

m??c^; ^^^,^P*?^^ somewhat diagrammatically in axial direction between the sharp edges S3 and the bear- 
FIOS. 1 and 2 the roll 10 has a neck section 12. The Ing surface 20. The net result is that in order to maintain 
c^KnH^^ril?^ i™^ be tapered, as shown, or it may be a given oil pressure in the film 34. a substantially higher 

kevriS Till e^^^^^^^^^ ""T r''^ °' """'I P-'^P ^ ^ork harder, and the 

and fixed within a chock 22. The chock is adan^S to be 20 ^'"^^ ^'l"* ^^^t ^ ^ 
supported in a roll housing (not thown' Id^?^^^^^^^^ t^—^^^^ ^'^i " T^^"" 

the outboard end by an end plate 24 and cover 26 A ^ encountered by the oil emergmg ax.ally past the 
seal assembly 2S is provided between the roll and the ^.7 53. This encourages circumferential flow 

inboard end of the chock 22. The seal assembly func- J expense of axial flow, which in turn adversely 
tions to retain lubricating oil within the bearing while at 25 oil pressure field distribution throughout the 

the same time preventing contamination of the lubricat- , pressure field supports the load at the 

ing oU and inner bearing components by cooling water. . 

mill scale, etc. Other disadvantages of the conventional design in- 

During normal operation of the mill, when the roll is ^^^^^ ^}^^ ^^^^^^ concentrations at the bottom corners 
rotating in the direction indicated by the arrow in FIG. 30 ^^^^^ ean create cracks and cause bearing failure. 
2 at speeds which are adequate for full hydrodynamic sudden change in flow area at the sharp edges 

operation, a continuous flow of oil is fed through pas- results in relatively high fluid velocities, which in 

sageway 29 in the chock, feed openings 30 in the bush- hasten metal erosion. 

ing and a rebore 32 in the bearing surface 20. From here. objective of the present invention is to provide a 

the oil enters between the bearing surface 20 and the 35 ^^hing having novel and improved hydrostatic recess 
rotating journal surface 16 to form a hydrodynamically- configurations which either avoid or at the very least, 
maintained oil film 34 at the bearing load zone "Z". The substantially minimize the problems associated with the 
load zone is located on the side opposite to that of the P^^*" ^r^- 
load "L" being applied to the roll 

The oil ultimately escapes axialiy from between the 40 SUMMARY OF THE INVENTION 

journal and bearing surfaces 16,18 and is received in According to the present invention, there is provided 
inboard and outboard sumps 36,38. From here, the oil is improved bushing having hydrostatic recesses which 
recirculated through filters, cooling devices, etc. (not when viewed radially from inside the bushing, have 
shown) before bemg returned to the bearing. substantially elliptical feathered peripheral edges. The 

If the rotational speed of the journal surface 16. the 45 major axes of the recesses extend transversely with 
load L and the viscosity of the oil all remain within respect to the bushing axis, whereas the minor axes of 
design limits, the bearing will continue to function satis- the recesses extend in parallel relationship to the bush- 
factonly. with an adequate oil film 34 being hydrody- ing axis. The depth of each recess is non-uniform and 
namically maintained at the load zone Z. However, if increases gradually from its feathered peripheral edge 
one of these parameters should fall below its lower 50 to a maximum at the intersection of the major and minor 
design limit, the hydrodynamically maintained oil film recess axis. 

can deteriorate or collapse, causing metal to metal Each hydrostatic recess of the present invention may 
contact between the journal and bearing surfaces 16.20. be considered as defining a portion of a prolate spheroid 
If this should occur, the resulting friction will rapidly produced by the intersection of a double curved surface 
cause bearing failure. 55 of revolution with the internal bearing surface of the 

i nus. trom zero rotational speed at mill start up to the bushing. The double-curved surface of revolution is 
ower design lunit for sat^^^^ typically a torus having an axis of revolution sur- 

Uon, the oil film 34 at the load zone 2 must be created rounded by the bearing surface of the bushing and ex- 
and mamtained by means other than the hydrodynamic tending in parallel relationship to the longitudinal bush- 
technique descnbed above. To this end, and with refer- 60 ing axis, 
ence additionaJIY to FIGS. 3-5, in the prior art conven- 
tional bearing assemblies, it is known to provide multi- BRIEF DESCRIPTION OF THE DRAWINGS 
pie hydrostatic recesses 40 in the bearing surface 20 at An embodiment of the invention will now be de- 
1 „.t^r^°«/ '""^ ^ interconnected by scribed by way of example only with reference to the 

a network of passageways 42 to a positive displacement, 65 accompanying drawings, wherein: 
""TJ^! volume high pressure oil pump 44. FIG. 1 is a longitudinal sectional view taken through 

As viewed nwhally from inside the bushing, the reces- an oil film bearing assembly which includesTbushSf 
sea 40 of the convenuonal pnor art design arc generally conventional design; ^ 
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FIG. 2 is a cross sectional view on an enlarged scale 
taken along line 2—2 of FIG. 1; 

FIG. 3 is a sectional view taken along line 3—3 of 
FIG. 2; 

FIG. 4 is an enlarged view of a portion of the cross 5 
section illustrated in FIG. 2; 

FIG. 5 is a cross section taken along line 5—5 of FIG. 

4; 

FIG. 6 is a view similar to FIG. 3, but on an enlarged 
scale and showing a bushing according to the present 10 
invention; 

FIGS. 7 and 8 are sectional views on a greatly en- 
larged scale taken respectively along lines 7—7 and 
8—8 of FIG. 6; 

FIGS. 9 and 10 are sectional views taken respectively 15 
along lines 9—9 and 10—10 of FIG. 7; 

FIG. 11 is a schematic illustration of how the recesses 
of the present invention are developed at the interior 
bearing surface of the bushing; 

FliG. 12 is an enlarged view taken on line 12—12 of 20 
FIG. 11; 

FIG. 13 is a view similar to FIG. 4 showing the bush- 
ing of the present invention installed in the bearing 
assembly; and 

FIG. 14 is a sectional view taken along line 14—14 of 25 
FIG. 13. 

DETAILED DESCRIPTION OF ILLUSTRATED 
EMBODIMENTT 

Referring now to FIGS. 6-14, a bushing in accor- 30 
dance with the present invention is shown at 60. The 
bushing has a cylindrical inner bearing surface 62 with 
a pair of hydrostatic recesses 64 arranged symmetrically 
on opposite sides of the bearing center. 

Each recess 64 is surrounded by a continuous feath- 35 
ercd edge 66 which when viewed radially from inside 
the bushing (as shown in FIG. 6), is substantially ellipti- 
cal in configuration with a major axis X extending trans- 
versally with respect to the longitudinal bushing axis A, 
and with a minor axis Y which extends in parallel rela- 40 
tionship to axis A. 

As illustrated in FIGS, 11 and 12, each recess 64 is 
defined by the intersection of a torus 68. with the inter- 
nal bearing surface 62. The torus 68 is generated by the 
revolution of a plane curve 70 about an axis B. The 45 
curve 70, which in practice will constitute a cutting 
edge profile, has a radius Ri. The torus 68 has a radius 
R2, with the axis B being located within and parallel to 
the bushing axis A. 

With reference to FIGS. 7 and 8, it will be seen that 50 
successive sections taken perpendicular to the major 
axis X will defme segments of a circle each having the 
radius Rj. Progressing from the center of the recess 
towards its ends, each such segment has a gradually 
diminishing depth d and width w. By the same token, 55 
and with reference to FIGS. 9 and 10, successive sec- 
tions taken perpendicular to the minor axis Y will defme 
portions of a circle having the radius R2. Again progres- 
sing from the center of the recess towards its sides, the 
successive portions have gradually diminishing depths d 60 
and lengths 1. It follows, therefore, that each recess 64 
defines a portion of a prolate spheroid. 

FIGS. 13 and 14 illustrate the bushing of the present 
invention installed in an oil film bearing assembly. In- 
stead of the sharp cornered side edges of the prior art 65 
recesses 40, the continuously feathered peripheral edge 
66 of the recess 64 of the present invention accommo- 
dates a smoother, and lower velocity flow of axially 



emerging oil, with a significantly lower accompanying 
pressure drop. Thus, a lower oil pressure in the recess 
64 is required to maintain a given pressure in the hydro- 
statically maintained film 34. Lower oil velocity re- 
duces erosion of the recess edge 66, and elimination of 
sharp corners significantly reduces potentially damag- 
ing stress concentrations. 

Also, the gradually diminishing circumferential flow 
path resulting from the diminished width w at the ends 
of the recess (compare FIGS. 7 and 8) resists circumfer- 
ential flow and further encourages axial flow, thus im- 
proving oil distribution throughout the load zone. 

I claim: 

1. A bushing for use in an oil film bearing assembly of 
the type employed to rotatably support the journal 
surface of a rolling mill roll neck, said bushing compris- 
ing: 

a wair having an inner cylindrical bearing surface 
adapted to surround said journal surface; 

conduit means extending through said wall for con- 
veying liquid lubricant under pre.ssure to a load 
zone between said bearing surface and said journal 
surface; and 

at least one recess in said bearing surface in communi- 
cation with said conduit means for receiving the 
thus conveyed lubricant under pressure and for 
distributing the same in said load zone in the form 
of a lubricant film separating said Journal surface 
from said bearing surface, said recess being defined 
by the intersection of a double-curved surface of 
revolution with said bearing surface. 

2. The bushing of claim 1 wherein said double-curved 
surface of revolution is a torus. 

3. The bushing of claim 2 wherein the rotational axis 
of said double-curved surface is parallel to the longitu- 
dinal axis of said bushing and surrounded by said bear- 
ing surface. 

4. The bushing of claim 3 wherein the radius of rota- 
tion of said double-curved surface of revolution is 
smaller than the radius of said bearing surface. 

5. The bushing of claim 1 wherein said recess defines 
a portion of a prolate spheroid. 

6. The bushing of claim 1 wherein said recess has a 
substantially elliptical peripheral edge. 

7. The bushing of claim 6 wherein said recess has a 
major axis extending in a direction perpendicular to the 
longitudinal bushing axis, and a minor axis extending in 
a direction parallel to the longitudinal bushing axis. 

8. The bushing of claim 7 wherein cross sections 
taken through said recess in directions perpendicular to 
said major axis define segments of circles. 

9. The bushing of either claim 7 or 8 wherein cross 
sections taken through said recess in directions perpen- 
dicular to said minor axis define portions of circles. 

10. A bushing for use in an oil film bearing assembly 
of the type employed to rotatably support the journal 
surface of a rolling mill roll neck, said bushing compris- 
ing: 

a wall having an inner cylindrical bearing surface 
adapted to surround said journal surface; 

conduit means extending through said wall for con- 
veying liquid lubricant under pressure to a load 
zone between said bearing surface and said journal 
surface; and 

a plurality of recesses in said bearing surface in com- 
munication with said conduit means for receiving 
the thus conveyed lubricant and for distributing the 
same in said load zone in the form of a lubricant 
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film separating said journal surface from said bear- tion parallel to the longitudinal bushing axis, each 

ing surface, said recesses being arranged symmetri- of said recesses having a substantially elliptical 

cally with respect to the center of said load zone, peripheral edge and a non-uniform depth increas- 

cach of said recesses having a major axis extending ing gradually from said edge to a maximum depth 

in a direction perpendicular to the longitudinal 5 at the intersection of said major and minor axes, 

bushing axis and a minor axis extending in a direc- • « • * * 
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[57] ABSTRACT 

A rotating-shaft hydrodynamic bearing assembly adapted 
for use in a rotating disk data store. The bearing assembly 
combines a plurality of spaced-apart radial journal bearings 
with a two-faced axial thrust plate to provide stiffness 
against runout at high rotational velocities. Fluid pressure is 
controlled on both sides of every fluid dement by bounding 
all radial fluid bearing layers and the dual thrust bearing 
layers with circumferential undercuts coupled to ambient 
pressure through a plurality of fluid-filled passages in the 
rotating shaft. Outward-biased surface-relief patterns are 
disposed in both axial thrust bearing layers to increase 
hydrostatic pressure and prevent cavitation in the non- 
bearing thrust-plate peripheral layer. The fluid bearing layers 
are disposed in a continuous pressure-controlled fluid film 
sealed at both ends by surface tension, thereby eliminating 
sources of air-bubble entrapment. Control of air-bubble 
entrapment and cavitation eliminates both as sources of 
surface-tension seal leakage and blowout 

32 Claiiiis, 8 Drawing Sheets 
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HYDRODYNAMIC BEARING WITH 
CONTROLLED LUBRICANT PRESSURE 
DISTRIBUTION 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

This invention relates generally to hydrodynamic bear- 
ings for minimizing data storage disk runout at high rota- 
tional velocities and specifically to a stiffened rotating-shaft 10 
bearing having opposing thrust-bearing axial hydrodynamic 
pumping action and a plurality of equalized circumferential 
undercuts for controlling lubricant pressure distribution and 
eliminating cavitation. 

2. Description of the Related Art 

Continuing advances in computer data storage technology 
strongly motivate improvements in magnetic disk areal 
storage densities. Increased data storage densities require 
corresponding increases in sensor-to-disk positioning preci- 
sion. Typically in the ait, a sensing head reads or writes ^ 
streams of data from or to tracks and sectors on the magnetic 
disk surface. The track width and lineal data density is 
related to the overall areal storage capacity of the disk 
surface. Because the typical magnetic disk data store 
includes several spinning magnetic disks suspended on a 
common precision spindle bearing assembly, bearing 
wobble or "runout", directly affects the precise location of 
microscopic data storage sites on the disk surface with 
respect to the data sensor. 

30 

As the bearing journal and bearing sleeve spin relative to 
one another, a point on the spin axis may trace out a path or 
orbit. The wobbling motion of this spin axis includes syn- 
chronous and asynchronous components, refenred to in the 
art as repetitive runout and non-repetitive runout, respec- 
tively. Hydrodynamic spindle bearing designs are preferred 
in the disk data store art over the older ball-bearing spindle 
systems because the rolling elements in ball-bearing spindle 
systems produce relatively large non-repetitive runout aris- 
ing from several causes, including imperfect race and ball ^ 
geometries, surface defects, non-axisymmetric radial stiff- 
ness, misalignments and imbalances. Bearing runout limits 
the practical data storage density, which can be improved 
only by limiting spindle bearing assembly runout tolerances. 

In hydrodynamic bearings, a lubricating fluid (either air or 45 
liquid) functions as the actual bearing element between a 
journal and sleeve in relative rotation. Liquid lubricants such 
as oil or more complex ferromagnetic fluids are known in the 
art for use in hydrodynamic bearing assemblies. When a 
lubricating liquid is used, the liquid itself must be sealed 50 
within the bearing assembly to avoid bearing "starvation" 
arising from fluid loss. Bearing starvation leads directly to 
increased wear and premanire failure of the bearing assem- 
bly. In the recent art, such lubricant seals are embodied as 
"surface-tension" or "capillary" seals at the liquid/air inter- 55 
face of the lubricating fluid. In hydrodynamic bearings using 
ferromagnetic fluids, the seal may be achieved by establish- 
ing a magnetic field at each end of the bearing assembly. 
Other methods known in the art for avoiding bearing star- 
vation include using centrifugal force to recirculate lubricant 
flow through passages within the bearing assembly and 
application of pressure to the bearing surface from an 
external lubricating fluid source. 

The typical hydrodynamic bearing known in the an estab- 
lishes pumping action in eitiier radial or axial fluid films by 65 
defining a series of surface-relief grooves or a single helical 
surface-relief groove inclined at a particular angle relative to 



,212 
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the axis in one of the bearing surfaces. For instance, the 
journal surface is commonly engraved with a surface-relief 
pattern disposed to cause the lubricating liquid to be urged 
toward the center of the journal bearing where it is main- 
tained under pressure for so long as the relative rotation 
between journal and sleeve is maintained. One type of 
surface-relief pattern known in the art is the "herringbone" 
pattern, which may be embodied as a generally symmeuical 
pattern of repeated Vee-shaped or chevron-shaped relief 
grooves formed in either the journal or sleeve side of the 
cylindrical fluid film. The surface on one side of the fluid 
film is smooth and the relative unidirectional rotation of the 
grooved and smooth surfaces causes the lubricating liquid to 
enter the legs of each Vee groove responsive to the urging of 
liquid flow toward the apex of the Vcc. The Vee apex 
experiences increased fluid pressure arising from the result- 
ing pumping action, thereby creating and maintaining the 
hydrodynamic bearing layer under a steady pressure gener- 
ated by the relative rotation of the two surfaces. Usually, the 
surface-relief patterns are disposed to produce equal and 
opposite pumping actions so that no net liquid flow occurs 
in any direction during rotation, thereby minimizing lubri- 
cating fluid loss. 

The surface-tension or "capillary taper" seal known in the 
art requires additional measures to balance dynamic fluid 
pressure distribution within the rotating bearing assembly, 
such as pressure-equalizing flow passages or external pres- 
sure ports. Hydrodynamic bearing assemblies that employ 
the simple surface-tension taper seal may experience lubri- 
cant leakage arising from centrifugal effects of the rotating 
clement (especially in a "fixed shaft" design having a 
rotating sleeve) and are vulnerable to lubricant blowout 
arising from entrapped gas bubbles and cavitation. Local- 
ized subambient hydrodynamic pressures within the lubri- 
cant bearing film may cause cavitation. Even bearing assem- 
blies that use ferromagnetic fluids are known to suffer 
leakage problems as metallic particles within the ferro- 
suspension escape over time. 

Disadvantageously. many woikable lubricant seal designs 
known in the art require extremely tight clearances and 
alignments within tiie hydrodynamic bearing assembly. This 
often precludes cost-effective manufacture of such assem- 
blies because of rejection or premature failure resulting from 
even a small deviation or aberration in a component dimen- 
sion, shape or alignment. Also, as rotational speeds increase, 
centrifugal forces in the lubricant bearing film increase, 
thereby increasing stress on the traditional outwardly-ta- 
pered capillary seal, eventually causing leakage and lubri- 
cant depletion. 

The hydrodynamic bearing art is replete with suggestions 
for improving bearing performance and for reducing fluid 
leakage during operation. For instance, a useful non-mag- 
netic hydrodynamic bearing design is disclosed by Forrest 
rucomb ct al. in U.S. Pat. Nos. 4,795,275, 5,067,528, and 
5,112,142. Htcomb et al. disclose a rotating shaft and 
thrust-plate combination disposed within a sleeve to form 
two pressure equalization ports. They use two thrust plates 
each with one annular axial thrust bearing layer on Uie inside 
face as well as two journal regions providing spaced-apart 
axial bearing layers to stiffen the bearing assembly against 
undesired repetitive runout. By adding pressure-equalization 
passages between the several axial and radial fluid bearing 
layers, Tiicomb et al. prevent pressure buildup and eliminate 
lubricant fluid flow arising from unequal pressure distribu- 
tions. Because unequal pressure distributions are eliminated, 
the two-degree (2**) tapered surface-tension seals at each end 
of their bearing assembly are sufficient to prevent substantial 
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fluid leakage, but they do not consider a solution to the 
effects of bubble- entrapment and cavitation on fluid leakage 
rates. 

In U.S. Pat. Nos. 5.284,391 and 5.328,271. Forrest Tit- 
comb et al. disclose a hydrodynamic bearing assembly that ^ 
employs a ball-and-socket geometry instead of the joumal- 
and-sleeve geometry conmionly known in the ait The "ball" 
surface is grooved to provide hydrodynamic pumping action 
in the hemisphcncal fluid bearing layer, which is sealed by 
surface-tension at the edges of the hemispherical ball-and- 
socket clearance. However, Titcomb et al do not consider 
solutions to the fluid seal and leakage problems related to 
bubble-entrapment and cavitation. 

In U.S. Pal. No. 5,246,291, Coda Pan discloses a flow- 
regulating hydrodynamic bearing that includes two conical 
fluid bearing layers instead of the more common combina- 
tion of orthogonal axial and radial bearing layers. Pan 
teaches the use of a design having a large reservoir for 
lubricating oil storage with a covering air volume in com- 
munication with ambient pressure and with surface-tension ^® 
seals formed between respective central passages of shaft 
and housing end-caps. He provides for recapture of "wan- 
dering" lubricant when the bearing assembly is static and 
relies on centrifugal pumping to throw all statically-trapped 
oil into the lubricant reservoir during dynamic operation. ^ 
Pan also proposes attaching a pressure-actuated bladder to 
the bearing for demand-delivery of lubricant. Thus, Pan 
resolves the lubricant leakage problem to his satisfaction 
with a combination of recapture, redelivery and large stand- 
by lubricant reserves and neither considers nor suggests 
solutions to the bubble-entrapment and cavitation effects on 
seal leakage. 

In U.S. Pal. No. 5,407,281, Chen discloses a self-replen- 
ishing hydrodynamic bearing having a plurality of reservoirs 
containing a supply of lubricating fluid. He discloses a 
cyclical herringbone surface-relief pattern that generates 
alternating localized unidirectional lubricating fluid flow 
between the reservoirs. By causing fluid flow to alternate 
between adjacent grooves, Chen manages to provide local- ^ 
ized flushing flow without incurring a net fluid flow suffi- 
cient to blow out the surface-tension seals. However, he 
neither considers nor suggests solutions to the bubble- 
entrapment and cavitation problems that may cause seal 
leakage or blowout. 

In U.S. Pat. No. 5,358,339, Konno et al. disclose a 
hydrodynamic bearing assembly that employs liquid radial- 
bearing layers and gaseous axial-bearing layers in the same 
assembly. By eliminating liquid in the annular axial thrust 
bearing layer, they avoid fluid scattering arising from cen- 50 
trifugal forces, which eliminates one source of lubricating 
fluid leakage known in the art. Konno et al. also disclose a 
"chamfer*' geometry for providing a surface-tension seal at 
the radial-bearing boundaries. However, Konno et al. neither 
consider nor suggest solutions to the bubble-entrapment and 55 
cavitation problems that may aggravate surface-tension seal 
leakage. 

In U.S. Pat No. 5.423,612, Yan Zang et al. disclose a 
hydrodynamic bearing and seal that includes a plurality of 
spaced-apait radial journal bearings and a single annular 60 
axial thrust plate with two surfaces each deflning one side of 
two hydrodynamic thrust bearings. They use spaced-apart 
radial bearings to improve shaft stiffness for less repetitive 
runout in the bearing assembly. Although Zang et al. use 
surface-relief pumping pattems on both faces of their thrust 65 
plate, they rely on centrifugal force alone 10 hold the 
lubricating fluid within both axial bearing layers during 
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rotation and neither consider nor suggest means to balance 
flow and avoid cavitation in the nonbearing fluid layer at the 
thrust plate periphery. Moreover, although Zang ct al. use 
two radial bearing layers that are separated by substantial 
distance to improve stiffness, they do not suggest solutions 
to the bubble-entrapment problem. 

Without a reasonable solution to the capillary seal leakage 
problems caused by air-entrapment and cavitation, practi- 
tioners in the art are obliged to either accept large runout in 
less stiff bearings or perhaps to resort to large fluid reservoirs 
and costly tight-tolerance clearance speciflcations to avoid 
unacceptable reduction in bearing life expectancy caused by 
premature lubricating fluid loss. These unresolved problems 
and deficiencies are clearly felt in the art and are solved by 
this invention in the manner described below. 

SUMMARY OF THE INVENTION 

This invention solves the above problems by combining ■ 
several elements to control lubricating fluid pressure distri- 
bution in a spinning-shaft hydrodynamic bearing having two 
or more radial and at least two axial thrust bearing layers. 
These include stiffening the bearing assembly by separating 
the two radial bearing layers and adding circumferential 
undercuts in either the shaft or sleeve on each side of both 
radial bearing clearances and on each side of the thrust plate 
that supplies the two axial bearing layers. Surface-relief 
patterns are incorporated on both sides of the thrust plate to 
urge radially-outward fluid flow in both axial bearing clear- 
ances, which prevents cavitation by raising the hydrostatic 
pressure in the non-bearing clearance at the thrust plate 
periphery. All circumferential undercuts are interconnected 
by pressure-equalizing passages in the shaft, which may 
include a single axial passage interconnecting various radial 
and/or oblique passages. The fluid bearing layers are thus 
disposed to form a continuous pressure-controlled fluid film 
sealed at each end by diverging tapered surface-tension seals 
formed in tapered clearances between shaft and sleeve, 
thereby eliminating the usual sources of air-bubble entrap- 
ment. TTiis control of air-bubble entrapment and cavitation 
eliminates both as sources of surface-tension seal leakage 
and blowout. 

One object of this invention is to ensure balanced hydro- 
static pressure throughout the entu-e bearing assembly in all 
of the several fluid bearing layers. It is a feature of this 
invention that both radial fluid bearing layers are disposed 
between drcumferential undercuts, either in the shaft or in 
the sleeve. It is yet another feature of this invention that fluid 
pressure is controlled on both sides of every bearing element 
by coupling all radial fluid bearing layers and axial thrust 
bearing layers to a circumferential undercut (or overcut) and 
by coupling these circumferential undercuts to ambient 
pressure through a plurality of fluid-filled passages in the 
rotating shafL 

It is another object of this invention to prevent cavitation 
by eliminadng any possibility of localized subambient 
hydrostatic pressure such as may occur in the non-bearing 
clearance between the thrust-plate periphery and the sleeve. 
It is a feature of this invention that the axial fluid bearing 
layers on each side of the thrust plate are urged radially- 
outward in balance to produce elevated static pressure at the 
thrust plate periphery without net fluid flow. 

In a further refinement of this invention, a barrier film is 
provided on the surfaces bounding the tapered clearances at 
each end of the bearing, thereby discouraging lubricating 
fluid migration from the surface-tension seals at each end. 
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It is an advantage of the hydrodynamic bearing of this 
invention that it is adaptable for use in a rotating disk data 
storage device of the type commonly employed with host 
computers. It is a feature of this invention that one end of the 
shaft can be extended beyond the sleeve to permit mounting S 
of a disk thereon. 

It is an advantage of this invention that it permits scale- 
ability and ease of manufacture. It is another advantage of 
this invention that it provides improved axial and radial 
stiffness, thereby reducing repetitive runout. It is yet another 10 
advantage of this invention that it requires relatively few 
components. 

The foregoing, together with other objects, features and 
advantages of this invenuon, can be better appreciated with 
reference to the following specification, daims, and the 
accompanying drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 

For a more complete understanding of this invention, 
reference is now made to the following detailed description 
of the embodiments as illustrated in the accompanying 
drawing, in which like reference designations represent like 
features, and wherein: 

FIG. la-lc show a partial cross-sectional side view and 
both end views of a first embodiment of the hydrodynamic 
bearing of this invention; 

FIG. 2 shows a full cross-sectional side view of the 
hydrodynamic bearing from FIGS, la-lc; 

FIG. 3 shows a partial cross-sectional side view of a 
hard-disk drive motor assembly employing a second 
embodiment of the hydrodynamic bearing of this invention; 

FIG. 4 shows a full cross-sectional side view of the 35 
hard-disk drive motor assembly from FIG. 3; 

FIG. 5 shows a full cross-sectional side view of a third 
embodiment of the hard-disk drive motor assembly of this 
invention; 

FIG. 6 shows an end view of the bearing shaft element of 
the hydrodynamic bearing assembly from FIGS, la-lc with 
two exemplary thrust-plate face sujf ace-relief patterns suit- 
able for use in this invention; 

HG. 7, including detail FIG. 7a, is a schematic diagram 
illustrating the hydrostatic pressure distribution at full rota- 
tional velocity along the radial and axial fluid bearing 
clearances in the bearing assembly of this invention; 

FIG. 8 is a schematic diagram illustrating the hydrostatic 
pressure bias arising from vertical disposition of the hydro- 50 
dynamic bearing assembly of this invention; and 

FIG. 9 is an exploded perspective diagram of an illusu^- 
tive hard-disk data store apparatus employing the hydrody- 
namic bearing assembly of this invention. 

55 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMeO^S 

FIGS, la-lc show an exemplary embodiment of the 60 
hydrodynamic bearing assembly 10 of this invention, which 
has a first end 12, a view of which is shown in FIG. IB and 
second end 14,. a view of which is shown in FIG. Ic. FIG. 
la shows hydrodynamic bearing assembly 10 from the side. 
In a partial cross-section revealing the surface of a bearing 65 
shaft 16. disposed within a cross-sectional view of the 
substantially cylindrical support sleeve 18. 



HG. 2 shows a complete cross-sectional side view of 
hydrodynamic bearing assembly 10, which is disposed sym- 
meuically about a bearing axis of rotation 20. Support sleeve 
18 is shown having a first inner diameter 22 at first assembly 
end 12. Inner diameter 22 is stepped up to a second sleeve 
inner diameter 24 at second assembly end 14, thereby 
forming a sleeve shoulder 26. The effective inner diameter 
of support sleeve 18 is stepped down again at assembly end 
14 by the insertion of a ring-shaped plug 28 having the inner 
diameter 30. One wall of plug 28 forms a second sleeve 
shoulder 32 when inserted fixedly as shown. Although inner 
sleeve diameter 22 and inner plug diameter 30 are shown as 
identical for illustrative purposes, an important advantage of 
the hydrodynamic bearing assembly 10 of this invention is 
that inner diameters 22 and 30 may differ, if desired, without 
compromising the effectiveness of the surface-tension seals 
formed at bearing ends 12 and 14. 

Bearing shaft 16 is inserted into support sleeve 18 and 
disposed rotatably therein before inserting ring-shaped plug 
28, which is secured to support sleeve 18 at the maxgin 34 
by any useful means known in the art, such as epoxy 
adhesive, shrink-iitting or the like. Bearing shaft 16 includes 
a thrust plate 36 disposed adjacent to the two journals 38 and 
40. Although journals 38 and 40 are shown as immediately 
adjacent to one another on bearing shaft 16, they may be 
instead disposed separated by a wider undercut (not shown), 
thereby increasing the stiffness of bearing assembly 10. 

Thrust plate 36 and journals 38 and 40 are disposed 
between two tapered shsdFt ends 44 and 46. Thrust plate 36 
is disposed between two circumferential undercuts 48 and 
50, which should be created by reducing the outer diameter 
of bearing shaft 16 substantially as shown. Although imder- 
cuts 48 and 50 are shown as having a semicircular profile, 
any undercut profile is suitable so long as the depth and 
width satisfy the important fluid pressure equalization 
design requirements of this invention. Similarly, each of the 
two journals 38 and 40 are disposed between two circum- 
ferential undercuts. Journal 40 is disposed between undercut 
48 and intermediate undercut 42. Journal 38 is disposed 
between intennediate undercut 42 and the circumferential 
undercut 52. 

Although circumferential undercuts 42, 48. 50 and 52 are 
shown in FIGS. 1-2 as regions of reduced outer bearing 
shaft diameter, only undercuts 48 and 50 are preferably 
disposed in bearing shaft 16. All other undercuts may 
equally well be embodied as regions of increased inner 
diameter of similar volume in support sleeve 18. That is, 
intermediate undercut 42 and undercut 52 can equally well 
be embodied as circumferential ovcrcuts (not shown) in 
support sleeve 18. As mentioned above, the exact volume, 
depth and profile of the undercut or ovcrcut is an important 
design consideration for the hydrodynamic bearing assem- 
bly of this invention because the undercut fluid volume 
determines the reserve lubricating fluid availability to the 
fluid films in the bearing clearances, as described in more 
detail hereinbelow. 

Bearing shaft 16 is disposed rotatably within support 
sleeve 18 to form a plurality of bearing and non-bearing 
clearances, which are now described. The outer surface of 
tapered shaft end 44 and the inner surface of the untapered 
sleeve end 54 define a first tiered clearance 56. Similarly, 
the outer surface of tapered shaft end 46 and the untapered 
inner diameter of ring-shaped plug 28 define a second 
tapered clearance 58. Tapered clearances 56 and 58 are 
disposed to create surface-tension seals that retain the lubri- 
cating fluid within the interconnected bearing clearances. 
Tapered clearance 56 creates the surface-tension seal 60 and 
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tapered clearance 58 creates the surface-tension seal 62. 
Surface-tension seals 60 and 62 each consist of a substan- 
tially annular meniscus serving to seal the lubricating fluid 
within the bearing clearances. The degree of taper shown in 
the drawing has been exaggerated for clarity. In practice, a 5 
taper angle of less than five degrees (5°) is preferred. 
Similarly, the clearance dimensions defined by the respec- 
tive sleeve and shaft surfaces and the undercut dimensions 
are also exaggerated in the drawing for purposes of clarity 
and may in practice be three orders of magnitude less than lo 
support shaft inner diameter 22. 

Support sleeve 18 includes a radial bearing zone 64 and 
axial thrust bearing zone 66 disposed between the two 
untapered sleeve ends 54 and 68. The two journals 38 and 40 
cooperate with inner support sleeve diameter 22 to form two 15 
roughly cylindrical radial-bearing clearances 70 and 72, 
respectively. That is, journal 38 defines cylindrical radial 
bearing clearance 70 and journal 40 defines cylindrical 
radial bearing clearance 72. Clearances 70 and 72 are filled 
with the lubricating fluid that also fills undercuts 42, 48 and 20 
52 and all other clearances between seal 60 and seal 62. 

In FIG. 1, journals 38 and 40 are shown with a herring- 
bone surface-relief pattern disposed to increase hydrody- 
namic pressure witldn clearances 70 and 72 responsive to 
shaft rotation. These herringbone patterns may also be ^ 
etched into radial bearing zone 64 of support sleeve 18 to 
equal effect. Hydrodynamic pumping occurs responsive to 
relative motion between a smooth surface and a very 
closely-disposed surface having the herringbone surface- 
relief pattern, whether or not the pattern is on the stationary 
surface or the moving surface. During rotation the precise 
separation between the shaft surface and sleeve surface at 
any particular locus depends on the applied radial load and 
the hydrodynamic pressure. When the local separation is 
reduced by lateral displacement, the hydrodynamic pumping 
action responsively increases local hydrodynamic pressure, 
thereby applying a force lending to increase separation. 
Thus, the hydrodynamic pumping action of the herringbone 
surface-relief pattern on journals 38 and 40 tends to force 
both clearances 68 and 70 into substantial cylindrical sym- 
metry. For this reason, these clearances arc herein denomi- 
nated as "substantially cylindrical". 

Note that radial bearing zone 64 includes two spaced- 
apart radial bearing clearances 70 and 72. This represents an ^- 
important feature of this invention. Although journals 38 and 
40 are shown separated by a relatively narrow undercut 42. 
separating clearances 70 and 72 on axis 20 by a wider 
distance is preferred to obtain advantageous stiffening of 
assembly 10 that reduces runout arising from temporary 
asymmetries within clearances 70 and 72. 

Thrust plate 36 on shaft 16 cooperates with axial thrust 
bearing zone 66 in sleeve 18 to form two annular thrust- 
bearing clearances 74 and 76. Annular thrust-bearing clear- 
ance 74 is formed between sleeve shoulder 26 and the 55 
axis-normal plate face 78 on one side of thrust plate 36. 
Similarly, annular thrust bearing clearance 76 is formed 
between the axis-normal plate face 80 on the other side 
thrust plate 36 and second sleeve shoulder 32. 

FIG. 6 provides a schematic illustration of plate face 80 60 
exemplifying the surface-relief pattern used thereon. The 
patterns on plate faces 78 and 80 differ only in that they are 
mirror images of one another. Face 80a in FIG. 6 is shown 
with exemplary surface-relief pattern 82 and face 80* is 
shown with exemplary pattern 84. Either pattern 82 or 84 65 
cooperates with a smooth surface on the respective shoul- 
ders 26 and 32 to provide hydrodynamic pumping of the 
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lubricating fluid in a radially-outward direction within aimu- 
lar clearances 74 and 76. Of course, surface-relief pattern 82 
(or 84) and its mirror image may also be disposed on the 
respective shoulders 32 and/or 26, in which case the match- 
ing surface of plate faces 78 and/or 80 would be smooth. The 
hydrodynamic pumping effect within clearances 74 and 76 
arises from the relative motion of two annular surfaces, one 
of which has a surface-relief pattern such as pattern 82 or 84 
and the other of which smooth. It is an important element of 
this invention that both clearances 74 and 76 operate in 
balance to urge the lubricating fluid in a radially-outward 
direction, thereby increasing static hydrodynamic pressure 
without net flow within the substantially-cylindrical non- 
bearing clearance 86 at the periphery of thrust plate 36. 
Another important element of this invention is the location 
of circumferential undercuts 48 and 50 in shaft 16 immedi- 
ately on each side of thrust plate 36. Undercuts 48 and 50 
provide reserve lubricating fluid, couple the axial bearing 
layer pressure to ambient, connect annular clearance 74 to 
cylindrical clearance 72 and cormect annular clearance 76 to 
tapered clearance 58. 

It may now be appreciated, with reference to the above 
description, that the interconnected fluid bearing layers 
within bearing assembly 10 are fully coupled from tapered 
clearance 56 through circumferential undercut 52 to radial 
bearing layer 70 and thercftom through cylindrical undercut 
42 to radial bearing layer 72 and therefrom through cylin- 
drical undercut 48 to axial thrust bearing layer 74 and 
therefrom through non-bearing clearance 86 to axial thrust- 
bearing layer 76 and therefrom through cylindrical undercut 
50 to tapered clearance 58. The elevated hydrostatic pressure 
in non-bearing clearance 86 operates to prevent the cavita- 
tion that can occur in that region because of negative 
hydrostatic pressures fluctuations caused by interaction of 
thrust-bearing layers 74 and 76. The coupling of the axial 
bearing layers 74 and 76 seamlessly to radial bearing layers 
70 and 72 for the first time eliminates gas-bubble entrapment 
at the multiple capillary seals normally used in the art. The 
entire lubricating fluid volume within bearing assembly 10 
is sealed only on each end by surface-tension seals 60 and 
62. 

FIG. 2 provides a cross-sectional representation of bear- 
ing shaft 16 that shows a plurality of internal passages 
disposed to equalize hydrodynamic pressure throughout 
assembly 10. That is, this invention provides direct pressure 
equalization between all circumferential undercuts 42, 48, 
50 and 52 by coupling them to one another through a 
plurality of passages. Preferably, a plurality of radial or 
oblique passages are coupled cenirally by a central axial 
passage 88 extending from one end to the other of shaft 16. 
Radial passages 90, 92, 94 and 96 connect central passage 88 
with circumferential undercuts 52, 42, 48 and 50, respec- 
tively. Passages 88, 90, 92, 94 and 96 also provide an 
additional lubricating fluid reservoir to dampen fluctuations 
in local pressure. Fabrication of axial passage 88 in shaft 16 
can be accomplished by machining and insertion of a plug 
102 and appropriate seal 104 to cap passage 88 at both ends 
of shaft 16, substantially as shown. 

The lubricating fluid within assembly 10 may be a shear- 
ing oil such as a polyalphaolefin oil as known to practitio- 
ners skilled in the art For instance, it has been found that 
NYE132B or NyE179 oil from the W. F. Nye Cdrp.. 
Bedford, Mass. is suitable for use with the bearing assembly 
of this invention. 

The exact dispositions of the surface-tension seal menisci 
60 and 62 depend on the degree of taper in tapered clear- 
ances 56 and 58, respectively, and also depend on the 
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"welting" characteristics of the shaft and sleeve surfaces that 
form clearances 56 and 58. The axial surface-tension forces 
forming capillary seals 60 and 62 depend on the length of the 
wetted perimeter of the liquid-gas interface, the liquid 
lubricant surface-tension, the taper angle and the contact 5 
angle. The axial positioning of menisci 60 and 62 varies with 
internal hydrodynamic pressure arising from bearing opera- 
tion, first moving at startup and then stabilizing when the 
surface-tension forces and the internal hydrodynamic pres- 
sure forces balance. Sudden large increases in internal 
hydrodynamic pressure that can result from gas-bubble 
entrapment or cavitation may cause seal blow-out or fluid 
leakage. This invention eliminates these sources of surface- 
tension seal failure by using an opposing thrust bearing 
patterning scheme and by conirolling hydrodynamic pres- 
sure throughout the interconnected plurality iiuid-tilled 
clearances, as discussed above. The actual hydrostatic pres- 
sure distribution of this invention vdthin the lubricating fluid 
layers is described below in connection with FIGS. 7-8. 

It has been found that applying a barrier-film coating on 
each pair of surfaces forming tapered clearances 56 and 58 
prevents migration of the lubricating fluid from menisci 60 
and 62. For instance, a coating of NYEB AR (a trademark of 
William F. Nye Corp, supra) prevents wetting of the surfaces 
by the lubricating fluid, thereby increasing the meniscus ^ 
contact angles suflBciently to eliminate fluid migration. As is 
known for normal uncoated metal surfaces, a lubricating oil 
migrates along the surface by wetting to create a meniscus 
angle of about zero degrees. Using a barrier- film coating 
increases the meniscus contact angle to about 75 degrees 
(for NYEBAR), thereby eliminating most migration and 
spontaneous surface wetting in the seal regions. 

Bearing assembly 10 is adapted for use in a data stone 
apparatus as part of the disk transport mechanism 106 shown 
in FIG. 3, which presents a partial cross-sectional view of 35 
mechanism 106. Assembly 10^ is shown disposed vertically 
with the thrust plate down. Shaft undercut 42a is shown 
having a width that is preferably larger than the undercut 
width shown in FIGS, la-lc and 2. The shaft 16a is 
capmred in a sleeve 18a having an external shape and 40 
dimensions tailored to disk transport mechanism 106. A 
mounting hub 108 is aflixed to the upper end of shaft 16a for 
rotation therewith. Mechanism 106 has a base 110 adapted 
for mounting within the data store apparatus (not shown). A 
stator 112 and a ting magnet 114 form a motor to turn 45 
mounting hub 108 (and shaft 16a) at high speed. A dust 
cover 116 protects the end base member 118 and end face 
120 of shaft 16a. A clearance 122 is provided between end 
face 120 and dust cover 116, wherein an optional grounding 
brush (not shown) may be situated. Dust cover 116 includes 50 
a porous port 124 to provide the necessary atmospheric 
pressure venting for the liquid-gas interface of the surface- 
tension seals discussed above. The enlarged circumferential 
undercut 42a shows that the undercut and patterning features 
of this invention, may vary in size and placement depending 55 
upon the particular implementation. For example, in a hard 
disk drive for a notebook computer, the entire length of 
assembly 10a may be less than 2.5 centimeters and yet 
support a variety of disk platter diameters and weights or 
even a plurality of stacked disk platters (not shown). 50 

FIG. 4 shows the disk transport mechanism 106 from FIG. 
3 in full cross-section, thereby revealing passages 88a, 90a, 
92a, ,94a and 96a within shaft 16a Note that passages 94a 
and 96a are disposed obliquely instead of radially, thereby 
demonstrating that the precise passage geometry used in this 6S 
invention may be varied for ease of construction or for other 
purposes. For instance, the inventor has found that a single 



oblique drill hole can be used to fabricate both passages 94a 
and 96a, thereby simplifying manufacture without affecting 
the hydrodynamic pressure equalization control of this 
invention. Central axial passage 88a is sealed at each end by 
a plug 102a and a weld 104a tailored to the adaptation for 
disk u-ansport mechanism 106. 

FIG. 5 shows an alternative embodiment contemplated by 
the inventor for use of the hydrodynamic bearing assembly 
of this invention. Bearing assembly 10^ includes a bearing 
shaft 16b with the oblique passages 126, 128 and 130. 
Oblique passage 126 connects undercuts S2b and 42^. 
Oblique passage 128 connects undercuts 42b and 48^. 
Passage 130 connects undercuts 486 and SOb, Accordingly, 
because undercuts 526, 426, 486 and 506 are interconnected 
using only the three oblique passage 126, 128 and 130, no 
central axial passage is necessary in shaft 166. Elimination 
of the central axial passage also eliminates all plugs and 
seals. In this embodiment, the conical cavities 132 and 134 
are retained in the ends of shaft 166 to eliminate the 
additional machining that otherwise would be necessary to 
flatten and seal the ends. Ring-shaped plug 286 is shown 
using an 0-ring seal 136. 

FIG. 7 is a schematic diagram of the hydrostatic lubri- 
cating fluid pressure distribution along the fluid-filled bear- 
ing clearances described above. The pressure profile 138 
shows fluid pressure as a ftinction of lateral position along 
axis 20. The pressure profile 140 shows hydrostatic fluid 
pressure as a ftmction of radial position and is substantially 
identical for both axis-normal faces 74 and 76 on thrust plate 
36. Beginning at meniscus 60, the pressure drops slightly, 
from ambient to accommodate the surface-tension loss at the 
air/fluid interface. This pressure remains constant over 
tapered clearance 56 and within circumferential undercut 52. 
The pressure rises sharply along radial bearing clearance 70 
because of the hydrodynamic pumping action of the surface- 
relief pattern on journal 38. The symmetric herringbone 
pattern on the surface of journal 38 causes the pressure 
profile to peak at the middle and fall back symmetrically to 
the slightly less than ambient level at circumferential under- 
cut 42, where it remains across the entire width of undercut 
42. The pressure profile in the second radial bearing clear- 
ance 72 is substantially the same as that shown for clearance 
70 because the pattern on journal 40 is substantially the same 
as that for journal 38. The pressure within undercut 48 
remains slightly less than ambient because it is coupled to 
undercuts 42, 52 and 50 by the journal passages discussed 
above in connection with FIGS. 2 and 4-5. Hydrostatic 
pressure within non-bearing clearance 86 at the periphery of 
thrust plate 36 is elevated by Ap (see FIG. 7a) above ambient 
because of the opposing outwardly-biased pumping actions 
of axial bearing clearances 74 and 76. Again, the pressure 
returns to slightly below ambient at undercut 50 and remains 
there within and across tapered clearance 58 until it returns 
to ambient at meniscus 62. 

FIG. 7a shows the hydrostatic pressure distribution along 
a radius of axial bearing clearance 76, which is representa- 
tive of the radial pressure distribution over both annular 
thrust bearing clearances 74 and 76. As mentioned above in 
connection with FIGS. 1-2 and 6, the surface-relief patterns 
on faces 78 and 80 are both disposed asymmetrically to urge 
axial ly-outward fluid flow, causing the pressure increases 
with radial position until it peaks at a radius more than 
half-way to the thrust plate periphery, at which point it 
begins to fall synunetrically toward the reduced pressure 
level (Ap) within non -bearing clearance 86. This reduced 
"thrust-periphery*' pressure Ap prevents cavitation within 
clearance 86. Both axial bearing clearances 74 and 76 
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enclose "oulward-pumping" bearing layers that force an 
increase in fluid pressure within clearance 86 without net 
fluid flow around thrust plate 36. 

It can be readily appreciated with reference to the above 
discussion in connection with FIGS. 7 and la that the 5 
continuous sealed fluid layer from meniscus 60 to meniscus 
62 offers no opportunity for entrapping gas bubbles during 
rotation of shaft 16. Moreover, examination of both pressure 
profiles 138 and 140 shows conclusively thai, except for 
surface tension losses, there is no localized negative pressure lO 
and thus no possible fluid cavitation during operation. 

FIG. 8 shows a third pressure profile 142 that illustrates 
the additional effect of axially-aligned gravity on the axial 
pressure distribution 138 from FIG. 7 during operation. The 
static pressure bias from one end to the other is merely the ^5 
equivalent hydrostatic head produced by gravity. 

FIG. 9 shows a typical data store apparatus 144 adapted 
for use of the hydrodynamic bearing assembly 10 of this 
invention. A plurality of rotatable data storage disks, exem- 
plified by disk 146, is shown disposed for mounting on hub 
108, which is affixed to assembly 10 for rotation. A head 
assembly 148 is also shown disposed for moveable engage- 
ment with the surfaces of rotatable data storage disks 146 in 
the manner well-known in the art. 

25 

Clearly, other embodiments and modifications of this 
invention may occur readily to those of ordinary skill in the 
art in view of these teachings. Therefore, this invention is to 
be limited only by the following claims, which include all 
such embodiments and modifications when viewed in con- 
junction with the above specification and accompanying 
drawing. 

I claim: 

1. A hydrodynamic bearing assembly for supporting rota- 
tion of an object about a bearing axis, said assembly 
comprising: 

a support sleeve having an inner sleeve diameter centered 
on said bearing axis and untapeied at each of two sleeve 
ends and having one or more radial bearing zones and 
at least one axial thrust bearing zone with two axis- 40 
normal sleeve shoulders formed by steps in said inner 
sleeve diameter, 

a bearing shaft having an outer shaft diameter centered on 
said bearing axis and tapered at each of two shaft ends 
and having one or more journals each disposed between 45 
two circumferential undercuts and having at least one 
thrust plate with two axis-normal plate faces formed by 
steps in said outer shaft diameter disposed between two 
circumferential undercuts, said bearing shaft being 
disposed roiatably within said support sleeve to form a 50 
substantially cylindrical radial-bearing clearance 
between each said journal and a corresponding said 
radial bearing zone and to form a substantially annular 
thrust-bearing clearance between each said axis-normal 
plate face and a corresponding said axis-nomial sleeve S5 
and to form a tapered clearance between each said shaft 
end and a corresponding said sleeve end, said annular 
thrust-bearing clearances being coupled to one another 
by a non-bearing peripheral clearance baween said 
thrust plate and said support sleeve, all said clearances 60 
being filled with a lubricating liquid that forms a 
surface-tension seal at each said tapered clearance, 
wherein a surface on at least one side of each said 
cylindrical radial-bearing clearance and a surface on at 
least one side of each said annular thrust-bearing clear- 65 
ance have surface-relief patterns each disposed to 
increase hydrodynamic pressure in the corresponding 
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said clearance responsive to rotation of said bearing 
shaft with respect to said support sleeve; and 
a plurality of passages within said bearing shaft each 
disposed to communicate fluid pressure between at 
least two said circumferential undercuts. 

2. The hydrodynamic bearing assembly of claim 1 
wherein said surface-relief pattern disposed on said at least 
one side of said each annular thrust-bearing clearance oper- 
ates to urge a radially-outward flow of said lubricating liquid 
responsive to said rotation of said bearing shaft. 

3. The hydrodynamic bearing assembly of claim 2 
wherein said radially-outward flows of said lubricating 
liquid in said aimular thrust-bearing clearances offset one 
another to create an elevated hydrostatic pressure in said 
non-bearing peripheral clearance without net fluid flow 
through said non-bearing peripheral clearance. 

4. The hydrodynamic bearing assembly of claim 3 ftmher 
comprising: 

a central passage disposed within said bearing shaft to 
communicate fluid pressure among said plurality of 
passages. 

5. The hydrodynamic bearing assembly of claim 4 fiirther 

comprising: 

a barrier-film coating on said sleeve ends for discouraging 
sleeve-end surface wetting by said lubricating liquid. 

6. The hydrodynamic bearing of claim 5 comprising: 
two adjacent said radial bearing zones disposed adjacent 

one said axial thrust bearing zone wherein all said 
surface-reHef patterns are on said bearing shaft 

7. The hydrodynamic bearing of claim 1 comprising: 
two adjacent said radial bearing zones disposed adjacent 

one said axial thrust bearing zone. 

8. The hydrodynamic bearing assembly of claim 7 
wherein said surface-relief pattern disposed on said at least 
one side of said each annular thrust-bearing clearance oper- 
ates to urge a radially-outward flow of said lubricating liquid 
responsive to said rotation of said bearing shaft. 

9. A hydrodynamic bearing assembly for supporting rota- 
tion of an object about a bearing axis, said assembly 
comprising: 

a support sleeve havmg an inner sleeve diameter centered 
on said bearing axis and untapered at each of two sleeve 
ends and having one or more radial bearing zones each 
disposed between two circumferential undercuts and 
having at least one axial thrust bearing zone with two 
axis-normal sleeve shoulders formed by steps in said 
inner sleeve diameter; 

a bearing shaft having an outer diameter centered on said 
bearing axis and tapered at each of two shaft ends and 
having one or more journals and having at least one 
thrust plate with two axis-normal plate faces formed by 
steps in said outer shaft diameter disposed between two 
circumferential undercuts, said bearing shaft being 
disposed rotatably within said support sleeve to form a 
substantially cylindrical radial-bearing clearance 
between each said journal and a corresponding said 
radial bearing zone and to form a substantially armular 
thrust-bearing clearance between each said axis-normal 
plate face aiul a corresponding said axis-normal sleeve 
shoulder and to form a tapered clearance between each 
said shaft end and a corresponding said sleeve end, said 
annular thrust-bearing clearances being coupled to one 
another by a non-bearing peripheral clearance between 
said thrust plate and said support sleeve, all said 
clearances being filled with a lubricating liquid that 
forms a surface tension seal at each said tapered 
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clearance, wherein a surface on at least one side of each 
said cylindrical radial-bearing clearance and a surface 
on at least one side of each said annular ihrust-bcaring 
clearance have surface-relief patterns each disposed to 
increase hydrodynamic pressure in the corresponding 5 
said clearance responsive to rotation of said bearing 
shaft with respect to said support sleeve; and 
a plurality of passages within said bearing shaft each 
disposeid to participate in communicating fluid pressure 
between said circumferential undercuts. jq 
10. The hydrodynamic bearing assembly of claim 9 
wherein said surface-relief pattern disposed on said at least 
one side of said each annular thrust-bearing clearance oper- 
ates to urge a radially-outward flow of said lubricating liquid 
responsive to said rotation of said bearing shaft. 

U. The hydrodynamic bearing assembly of claim 10 
wherein said radially-outward flows of said lubricating 
liquid in said annular thrust-bearing clearances offset one 
another to create an elevated hydrostatic pressure in said 
non-bearing peripheral clearance without net fluid flow ^ 
through said non-bearing peripheral clearance. 

12. The hydrodynamic bearing assembly of claim 11 
further comprising: 

a central passage disposed within said bearing shaft to 
communicate fluid pressure among said plurality of 25 
passages. 

13. The hydrodynamic bearing assembly of claim 12 
further comprising: 

a barrier-fllm coating on said sleeve ends for discouraging 
sleeve-end surface wetting by said lubricating liquid. 30 

14. The hydrodynamic bearing assembly of claim 13 
comprising: 

two adjacent said radial bearing zones disposed adjacent 
one said axial thrust bearing zone wherein all said 
surface-relief patterns are on said bearing shaft. 35 

15. The hydrodynamic bearing assembly of claim 9 
comprising: 

two adjacent said radial bearing zones disposed adjacent 
one said axial thrust bearing zone. 

16. The hydrodynamic bearing assembly of claim 15 
wherein said surito-relief pattern disposed on said at least 
one side of said each annular thrust-bearing clearance oper- 
ates to urge a radially-outward flow of said lubricating liquid 
responsive to said rotation of said bearing shaft. 

17. A data store apparatus for use with a host computer, 
said data store apparatus comprising: 

a disk assembly having at least one rotatable data storage 
disk with at least one surface adapted for storage of data 
thereon; 

a disk transport mechanism coupled to said rotatable data 
storage disk and including a motor for selectively 
imparting rotational motion to said data storage disk; 
and 

a fluid bearing in said disk transport mechanism for 55 
supporting said rotatable data storage disk for rotation 
about a bearing axis, said fluid bearing including 
a support sleeve having an inner sleeve diameter cen- 
tered on said bearing axis and untapered at each of 
two sleeve ends and having one or more radial 60 
bearing zones and having at least one axial thrust 
bearing zone with two axis-normal sleeve shoulders 
formed by steps in said inner sleeve diameter, 
a bearing shaft having an outer shaft diameter centered 
on said bearing axis and tapered at each of two shaft 65 
ends and having one or more journals each disposed 
between two circumferential undercuts and having at 



least one thrust plate with two axis-normal plate 
surfaces formed by steps in said outer shaft diameter 
disposed between two circumferential undercuts, 
said bearing shaft being disposed rotatably within 
said support sleeve to form a substantially cylindrical 
radial-bearing clearance between each said journal 
and a corresponding said radial bearing zone and to 
form a substantially annular thrust-bearing clearance 
between each said axis-normal plate face and a 
corresponding said axis-normal sleeve shoulder and 
to form a tapered clearance between each said shaft 
end and a corresponding said sleeve end, said annu- 
lar thrust-bearing clearances being coupled to one 
another by a non-bearing peripheral clearance 
between said thrust plate and said support sleeve, all 
said clearances being filled with a lubricating liquid 
that forms a surface tension seal at each said tapered 
clearance, wherein a surface on at least one side of 
each said cylindrical radial-bearing clearance and a 
surface on at least one side of each said annular 
thrust-bearing clearance have surface-relief pattems 
each disposed to increase hydrodynamic pressure in 
the corresponding said clearance responsive to rota- 
tion of said bearing shaft with respect to said support 
sleeve, and 

a plurality of passages within said bearing shaft each 
disposed to communicate fluid pressure between at 
least two said circumferential undercuts. 

18. The data store apparatus of claim 17 wherein said 
surface-relief pattern disposed on said at least one side of 
said each annular thrust-bearing clearance operates to urge 
a radially-outward flow of said lubricating liquid responsive 
to said rotation of said bearing shaft 

19. The hydrodynamic bearing assembly of claim 18 
wherein said radially-outward flows of said lubricating 
liquid in said annular thrust-bearing clearances offset one 
another to create an elevated hydrostatic pressure in said 
non-bearing peripheral clearance without net fluid flow 
through said non-bearing peripheral clearance. 

20. The data store apparatus of claim 19 further compris- 
ing: 

a central passage disposed within said bearing shaft to 
communicate fluid pressure among said plurality of 
passages. 

21. The data store apparams of claim 20 further compris- 
ing: 

a barrier-fllm coating on said sleeve ends for discouraging 
sleeve-end surface wetting by said lubricating liquid. 

22. The data store apparatus of claim 21 comprising: 
two adjacent said radial bearing zones disposed adjacent 

one said axial thrust bearing zone wherein all said 
surface-relief pattems are on said bearing shaft. 

23. The data store apparatus of claim 17 comprising: 
two adjacent said radial bearing zones disposed adjacent 

one said axial thrust bearing zone. 

24. The data store apparatus of claim 23 wherein said 
surface-relief pattern disposed on said at least one side of 
said each annular thrust-bearing clearance operates to urge 
a radially-outward flow of said lubricating liquid responsive 
to said rotation of said bearing shaft. 

25. A data store apparatus for use with a host computer, 
said data store apparatus comprising: 

a disk assembly having at least one rotatable data storage 
disk with at least one surface adapted for storage of data 
thereon; 

a disk transport mechanism coupled to said rotatable data 
storage disk and including a motor for selectively 
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imparting rotational motion to said data storage disk; 
and 

fluid bearing in said disk transport mechanism for 
supporting said rotatable data storage disk for rotation 
about a bearing axis, said fluid bearing including ^ 
a support sleeve having an inner sleeve diameter cen- 
tered on said bearing axis and untapered at each of 
two sleeve ends surfaces and having one or more 
radial bearing zones each disposed between two 
circumferential undercuts and having at least one 
axial thrust bearing zone with two axis^normal 
sleeve shoulders formed by steps in said inner sleeve 
diameter, 

a bearing shaft having an outer shaft diameter centered 
on said bearing axis and tapered at each of two shaft 15 
ends and having one or more journals and having at 
least one thrust plate with two axis-normal plate 
faces formed by steps in said outer shaft diameter 
disposed between two circumferential undercuts, 
said bearing shaft being disposed rotatably within 20 
said support sleeve to form a substantially cylindrical 
radial -bearing clearance between each said journal 
and a corresponding said radial bearing zone and to 
form a substantially annular thrust-bearing clearance 
between each said axis-normal plate face and a ^ 
corresponding said axis-normal sleeve shoulder and 
to form a tapered clearance between each said shaft 
end and a corresponding said sleeve end, said annu- 
lar thrust-bearing clearances being coupled to one 
another by a non-bearing peripheral clearance 30 
between said thrust plate and said support sleeve, all 
said clearances being filled vdth a lubricating liquid 
that forms a surface tension seal at each said tapered 
clearance, wherein a surface on at least one side of 
each said cylindrical radial-bearing clearance and a 
suiface on at least one side of each said annular 
thrust-bearing clearance have surface-relief patterns 
each disposed to increase hydrodynamic pressure in 
the corresponding said clearance responsive to rota- 
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tion of said bearing shaft with respect to said support 

sleeve; and 

a plurality of passages within said bearing shaft each 
disposed to participate in communicating fluid pres- 
sure between said circumferential undercuts. 

26. The data store apparatus of claim 25 wherein said 
surface-relief pattern disposed on said a least one side of 
said each annular thrust-bearing clearance operates to urge 
a radially-outward flow of said lubricating liquid responsive 
to said rotation of said bearing shaft. 

27. The hydrodynamic bearing assembly of claim 26 
wherein said radially-outward flows of said lubricating 
liquid in said annular thrust-bearing clearances offset one 
another to create an elevated hydrostatic pressure in said 
non-bearing peripheral clearance without net fluid flow 
through said non-bearing peripheral clearance. 

28. The data store apparatus of claim 27 further compris- 
ing: 

a centra] passage disposed to communicate fluid pressure 
among said plurality of passages. 

29. The data store apparams of claim 28 further compris- 
ing: 

a barrier-fllm coating on said sleeve ends for discouraging 
sleeve-end surface wetting by said lubricating liquid. 

30. The data store ^paratus of claim 29 comprising: 
two adjacent said radial bearing zones disposed adjacent 

one said axial thrust bearing zone wherein all said 
surface-relief patterns are on said bearing shaft. 

31. The data store apparatus of claim 25 comprising: 
two adjacent said radial bearing zones disposed adjacent 

one said axial thrust bearing zone. 

32. The data store apparatus of claim 31 wherein said 
surface-relief pattern disposed on said at least one side of 
said each aimular thrust-bearing clearance operates to urge 
a radially-outward flow of said lubricating liquid responsive 
to said rotation of said bearing shaft. 

***** 
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